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PREFACE. 



The preparation of this treatise was undertaken at 
the earnest solicitation of many teachers, who, having 
used ttie author^s Arithmetics, Algebras, and Elements 
of Geometry with satisfaction, were desirous of seeing 
his series rendered more nearly complete by the addition 
of the Elements of Plane and Spherical Trigonometry. 
It is hoped that the present work will be found to be a 
complete system, theoretical and practical, fully adapted 
to the wants of advanced classes. . 

Ttie trigonometric functions,, in this treatise, have been 
regarded as ratios^ since this improved method has not 
only now superseded the ancient method in English and 
French works, but has been approved and adopted gen- 
erally by the best American mathematicians. Reference, 
however, is made to whatever is especially valuable in 
the old method. 

In the preparation of this work the author has re- 
ceived valuable suggestions from many eminent teachers, 
to whom he would here express his sincere thanks. Es- 
pecially would he acknowledge his great obligations to 
H. B. Maglathlin, A. M., who for many months has been 
associated with him in his labors, and to whose expe- 
rience as a teacher, skill as a mathematician, and ability 
as a writer, the value of this treatise is largely due. 

BENJAMIN GREEN LEAF. 

BitADFORD, Mass., July 26, 1861. 



NOTICE. 



This System of Trioronometiy was designed to be published in con- 
nection with the author's Elements of Geometry. It is now published 
separately, to accommodate those teachers who desire to use it in that 
form. 

January 1, 1868. 



CONTENTS. 



LOOABITHMS 



TRIGONOMETRY. 

BOOK I. PAGi 
2 

BOOK II. 

PLANE TRIGONOMETRY. — DEFINITIONS AND ELEMENTARY 

PRINCIPLES 13 

BOOK III. 
SOLUTION OF PLANE TRIANGLES 41 

BOOK IV. 

PRACTICAL APPLICATIONS 61 

BOOK V. 

SPHERICAL TRIGONOMETRY 72 

BOOK VI. 

APPLICATIONS TO ASTRONOMY AND GEOGRAPHY . . .105 

TABLES. 

A TABLE CONTAINING THE LOGARITHMS OF NUMBERS, FROM 

1 TO 10,000 1 

A TABLE OF LOGARITHMIC SINES, COSINES, TANGENTS, AND 
COTANGENTS, FOR EVERY DEGREE AND MINUTE OF 
THE QUADRANT 17 



ELEMENTS 



PLANE AND SPHERICAL 
TRIGONOMETEY; 



PRACTICAL APPLICATIONS. 



1* 



TRIGONOMETRY, 



BOOK I. 



LOGARITHMS. 



1. The Logarithm of a number is the exponent of the 
power to which a given fixed number must be raised in order to 
produce the first number. 

2. The Base of the system is the fixed number. 

3. The base, in the common system of logarithms, is 10. 
Hence, since 



10^= 1, 





is the logarithm of 1 


10^ = 10, 


1 


u u 10 


10* = 100, 


2 


" " 100 


10»= 1,000, 


3 


« 1,000 


10* =10,000, 


4 


« « 10,000 


&c, 




&c 



It thus appears that, in the common system, the logarithm of 
every number between 1 and 10 is some number between and 
1 ; that is, a proper fraction. The logarithm of every number 
between 10 and 100 is some number between 1 and 2 ; that is, 
1 plus a fraction. The logarithm of every number between 100 
and 1,000 is some number between 2 and 3 ; that is, 2 plus a frac- 
tion ; and so on. 

4. By means of negative exponents the application of loga- 
rithms may be extended, in the common system, to numbers less 
than 1. Thus, since 
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10-1= 0.1, 


— 1 


is the logaiithin of 


0.1; 


10-«= 0.01, 


— 2 


u a 


0.01; 


10-»= 0.001, 


— 3 


u u 


0.001; 


lO--* = 0.0001, 


— 4. 


u u 


0.0001; 


&c^ 




' 


&C. 



From this it appears that the logarithm of every number be- 
tween 1 and 0.1 is some number between and — 1 ; that is, 
— 1 plus a fraction: The logarithm of every number between 
0.1 and Oi)l is some number between — 1 and — 2 ; that is, 
— 2 plus a fraction. The logarithm of every number between 
0.01 and 0.001 is some number between — 2 and — 8 ; that is, 
— 3 plus a fraction ; and so on. 

5. In the common system, as the logarithms^ of all numbers 
which are not exact powers of 10 are incommensurable with 
those numbers, their values can only be obtained approximately, 
and are expressed by decimals. 

6. The integral part of any logarithm* is called the charac- 
teristic, and the decimal part is sometimes called the man- 
tissa. 

7. The characteristic of the logarithm o/jlSY number orbat- 
ER THAN UNITY, is One less than the number of integral figures in 
the given number. 

For it has been shown (Art. 3) that the logarithm of 1 is 0, of 
10 is 1, of 100 is 2, of 1000 is 3, and so on. 

8. 7^e characteristic of the logarithm o/* any decimal) frac- 
tion is a negative numbery and is one more than the number of 
ciphers between the decimal point and the first significant figure. 

For it has been shown (Art 4) that the logarithm of 0.1 is 
— 1, of 0.01 is — 2, of 0.001 is — 3, and so on. 

Note. — In general, whether the given number be integral, fractional, or 
mixed, (he characUrUtie of the logarithm of any fmmber eaqiretted decimatttf i$ 
(he distance of the Jirtt^ or left-hand, dgnijkantfgurefhm the vmt»^ place^ being 
pontive token ihatjigure is on the left of the units' place, and negative when on the 
righL 

GENERAL PROPERTIES OF LOGARITHMS. 

9. The logarithm of a product is equal to the sum of the log* 
arithms of its factors* 
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For let JKf and 2^he any two numbers, x and y their respective 
logarithms, and a the base of the system. Then, by definition 
(Art 1), we have 

Multiplying equations, member by member, we have 

Therefore, log ( Jf X ^) = a: +y = log M+ log -K 

10. The logarithm of a quotient is equal to the logarithm oj 
the dividend diminished hy that of the divisor* 

For, by Art. 9, we have 

M= a*, N= a^. 

Dividing the first equation by the second, member by member, 
we have 

N dif ^ 
Therefore, log ( ^ J = a; — y = log M — log -K 

11. The logarithm of any power of a number is equal to the 
product of the logarithm of the number by the exponent of the 
power. 

For let m be any number, and take the equation (Art 9) 

M=a', 
then, raising both sides to the with power, we have 

M^ = (a*)"* = o^ . 
Therefore, log (Jf«) = xm=(log M) Xm* 

12. The logarithm of the root of any number is equal to the 
logarithm of the number divided by the index of the root 

For, let n be any number, and take the equation (Art 9) 

then, extracting the nth root of both sides, we have 
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Therefore, log {^m) = ^= -^;-- 

13. Hence, by means of logarithms, we can perform multipli- 
cation by addition, and division by subtraction ; also, we can 
raise a number to any power by a single multiplication, and 
extract any root of a number by a single division. 

14. AU numbers, integral, fractional, or mixed, having the 
same succession of significant figures, have logarithms with the 
same decimal part. 

For since the logarithm of 10 is 1, the product of any number 
by 10 will have a logarithm increased by 1 ; and, likewise, the 
quotient of any number divided by 10 will have a logarithm 
diminished by 1 ; and, 1 being an integer, the logarithms will dif- 
fer only in their characteristics. 

Thus, the logarithm of 235 

« « 2350 

« « 23.5 

« « 2.35 

« ** .235 

« « .0235 

15. The negative sign placed over the characteristic indicates 
that it alone is negative, the decimal part being always positive. 

TABLE OF LOGARITHMS. 

16. A Table of Logarithms usually contains all the whole 
numbers between 1 and a given number, with their logarithms. 
The accompanying table contains the logarithms of all numbers 
from 1 up to 10,000, calculated to six places of decimals. 

17. In the table, the characteristics of the logarithms of the 
first 100 numbers are inserted ; but for all other numbers the 
decimal part only of the logarithms is given, while the character- 
istic is left to be supplied by inspection, according to the prin- 
ciples already furnished (Art. 7, 8). 

18. The numbers are in the column headed N, and their 
logarithms, or the decimal parts of their logarithms, are opposite 



is 


2.371068 
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3.371068 
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1.371068 
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0.371068 


u 


1.371068 


u 


2.371068 
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on the same line. When the first two figures of the decimal are 
the same for several successive logarithms, they are not repeated 
for each, but, being used once, are then left to be supplied. 

19. In the column headed D are the mean or average differ* 
ences of the ten logarithms against which they are placed. 

To FIND THE Logarithm of ant Number. 

20. When the given number is any ifUeger of one or two 
figures. 

Look on the first page of the table, and opposite the given 
number will be found the logarithm with its characteristic 
Thus, 

the logarithm of 63 is 1.799341 ; 
« " 98 " 1.991226. 

21. When the given number is any integer of three fig- 

UBES. 

Look in the table for the given number, and opposite the 
same, in the column headed 0, will be found the decimal part 
of the logarithm, to which must be prefixed 2 as the character- 
istic (Art. 7). Thus, 

. the logarithm of 110 is 2.041393; 
" « 817 " 2.912222. 

22. When the given number is any integer of four figures, 
either with or without ciphers annexed. 

Find the first three figures of the given number in the 
column headed N, and, opposite to them, in the column headed 
by the fourth figure, will be found the decimal part of the loga- 
rithm ; to which the characteristic, as determined by Art 7, 
must be prefixed. Thus, 

the logarithm of 4901 is 3.690285 ; 
^ " 9677 « 3.985741; 

" « 31250 " 4.494850. 

23. When the given number is any integer ofvTVE or more 
figures. 

Find the logarithm of the first four figures as in Art 22, 
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regarding the others a& ciphers annexed ; then take, from the col- 
umn headed D, the number on the same horizontal line with the 
decimal part of the logarithm, and multiply it hj the remaining 
figures of the given number ; reject from the right of the product 
thus obtained as manj figures as there were in the multiplier, 
and add what is left to the decimal part of the logarithm already 
found ; and the sum will be the required logarithm. Thus, if 
it be required to find the logarithm of 93192: 

the logarithm of 93190 is 4.969369 Dif. from coL D, 47 

SL4 _2 

^ « 93192 « 4.969378. 9.4 

This process is based upon the supposition that the differences 
of logarithms are proportional to the differences of their corre- 
sponding numbers, which is not strictly correct, yet sufficiently 
exact for practical purposes. 

When the figure or figures rejected fit)m the right of the 
product, considered decimally, exceed in value .5, the right-hand 
figure of what is left to be added must be increased by 1, to 
insure greater accuracy in the result. 

24. When the given number is any decimal fraction, or 
any mixed number expressed decimjoMy, 

Find the decimal part of the logarithm of the number, as if 
it were an integer, and prefix the proper characteristic (Arts. 7 
and 8). Thus, 

the logarithm of 93.192 is 1.969378 ; 
« " 4526.375 « 3.655751 ; 

« « .0006801 « 4832573. 

25. When the given number is any common fraction. 
Reduce the given fraction to a decimal, and find its logarithm, 

a;^ in Art 24; or, since a fraction is an expression of division, 
subtract the logarithm of the denominator from the logarithm 
of the numerator, and the difference will be the logarithm of the 
fraction (Art 10). Thus, 

the logarithm of |, or .75, is T.875061. 
Or, 
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the logarithm of the numerator, 3, is 0.477121 
« « « denominator, 4, " 0.602060 



« " « fraction, | « 1.875061 

To FIND THE Number corresponding to ant Logarithm. 

26. When the given logarithm is within the limits of the 
table. 

Look in the column headed 0, for the first two or three 
figures of the logarithm, neglecting the characteristic, and, if all 
the figures of the logarithm are found in that column, the 
corresponding number will be on the same horizontal line, in 
the column headed N. If, however, the decimal part of the 
logarithm be not exactly found in the column headed 0, look for 
it in one of the nine following columns, and the first three figures 
of the corresponding number will be on the same horizontal line 
in the column headed N, and the fourth will be at the head of 
the column in which the logarithm was found. 

Make the number correspond with the characteristic given, 
if necessary, by pointing off decimals or annexing ciphers (Arts. 
7 and 8). Thus, 

the number corresponding to the logarithm 3.146128 is 1400 ; 
« " " 0.370143 " 2.345; 

« « " 2.907680 ".08085. 

27. TThen the given logarithm is not within the limits of 
the table. 

From the decimal part of the given logarithm subtract the 
decimal part of that next less ; annex to their difference two or 
more ciphers, and divide by the number, in the column headed 
D, opposite the decimal part taken from the table. Annex the 
result to the number corresponding to the lesser logarithm, and 
point off according to the characteristic, as before. 

It sometimes happens, in dividing by the tabular difference, 
that there are not as many figures in the quotient as there are 
ciphers annexed to the dividend. In such a case, supply the 
deficiency, as in the division of decimals, by prefixing a cipher or 
ciphers to the quotient before annexing. 
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This process, like its converse (Art. 23), is based upon the 
supposition that the differences of logarithms are proportional to 
the differences of their corresponding numbers. 

Note. The number corresponding to a given logarithm, when obtained by 
the nse of a table calculated to six decimal places, is reliable only to the sixUi 
figure, and sometimes that figure of an answer is not strictly correct 

Let it be required to find the number corresponding to the 
logarithm 2.633356. 
The dec. part of the given log. is .633356 

" " log. next less is .633266, correspon. num., 4298 
Their difference is 90.00 
Difference from column D is 101 



Logarithm 2.633356 has for its corresponding number 429.889 

The number corresponding to the logarithm 3.441049 is 2760.89 
« « « « 2.497935 18.0314728 

« « u a 2.436811 is 273.408 

Arithmetical Complement, 

28. The arithmetical complement of any logarithm is the dif- 
ference between it and 10. 

Thus, the arithmetical complement of the logarithm of 41^ is 
10 — log 41 = 10 — 1.612784= 8.387216. 

29. The arithmetical complement of a logarithm maj be read- 
ily found, from the table, h/ subtracting each figure of the log- 
arithm from 9, excepting the last significant figure at the righty 
which must he taken from 10 ; for this is equivalent to subtracting 
the logarithm from 10. 

80. The difference of two logarithms is* equal to the sum of the 
logarithm to he diminished and the arithmetical complement of the 
other, less 10. 

For let a be anj lo^rithm, and h a logarithm to be subtracted 
from it; then their difference will be a — h. 

Now the arithmetical complement of b is 10 — b; adding 
10 — b to a, we have a -}- 10 — b; subtracting 10, we have 

3 
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a+10 — J— 10 = a_ft; 
the same result as before. 

31. Hence, since an arithmetical complement added makes 
the result 10 too great, a corresponding allowance must be made 
in anj operation in which arithmetical complements of loga- 
rithms are used. 

Multiplication by Logabithms. 

32. Add the logarithms of the factors ; and the sum wiU he the 
logarithm of their product (Art 9). 

The term sum, here used, is to be understood in its algehraic 
signification. Therefore, since the characteristic alone of a log- 
arithm is negative (Art 15), whatever there is to be carried 
from the decimal part, in the operation, must either be added to 
a positive characteristic, or subtracted from one that is negative. 
Also, when the characteristics of the logarithms are not either 
all positive or all negative, the difference between their sums 
must be taken, and the sign of the greater prefixed. 

Ex. 1. Multiply 120, 101, and .015 together. 

Log 120 = 2.079181 
« 101 = 2.004321 
« .015 = 2.176091 



■ Product = 181.8 2.259593 

Here, the 2 cancels a positive 2, so we have but 2 to set down* 

2. Multiply 3.26 by .0085. Ans. .02771. 

3. Multiply 6651 by 108. Ans. 718308. 

Division by Logarithms. 

33. Subtract the logarithm of the divisor from the logarithm 
of the dividend, and the difference will he the logarithm of their 
quotient (Art 10). Or, 

Add the arithmetical complement of the logarithm of the divisor 
to the logarithm of the dividend, and the sum, less 10, wiU he the 
logarithm of the quotient (Art 31). 

The term difference, here used, is to be understood in its 
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algehrcdc signification. Therefore, the sign of the characteristio 
of the divisor must be changed ; and then, if the characteristics 
of the divisor and dividend have the same sign, their sum must 
be taken, but when of different signs, their difference, with the 
sign of the greater, for the characteristic of the logarithm of the 
quotient. Also, if 1 is carried from the decimal part, it must be 
regarded as positive, and must be united with the characteristio 
of the divisor before it is changed. 
Ex. 1. Divide 850 hj .093. 

FIRST bPBRATION. 8KOOND OPSRATIOlf. 

Log 850 = 2.929419 Log 850 = 2.929419 

« .093 = 2.968483 « .093 ar. ca= 11.031517 

Quot 9139.8 3.960936 Quot. 9139.8 3.960936 

Here, in the first operation, 1 carried from the decimal part 
to the 2 changes it to 1, which being taken frtMn 2, leaves 3 to 
set down; aniji, in the second operation, 10 is taken from the 
sum of the characteristics (Art. 31). 

2. Divide 2625 hj 125. Ans. 21. 

3. Divide .02771 by .0085. Ans. 3.26. 

4. Divide 117.1347 by 5.062. Ans. 23.14. 

5. Find the 4th term of the proportion, 

219 : 63.05 :: 378. 

Log 378 = 2.577492 

«« 63.05 = 1.799685 

" 219ar. CO. = 7.659556 



4th term = 108.826 2.036733 
6. Find the 4th term of the proportion, 720 : 196 :: 155.5. 

Ans. 42.33. 

Intolution by Logarithms. 

34. Multiply the logarithm of the given number by the exponent 
of the power to which the number is to he raised; and the product 
wiU he the logarithm of the required power (Art. 11). 

Since the exponent of any power is positive, a negative char* 
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acterlstic multiplied by it will give a negative result ; but that 
which is to be carried from the decimal part will be positive; 
therefore, their difference will be the characteristic of the product, 
Ex. 1. Required the square, or second power, of 31. 

Log 31 = 1.491362 • 

2 

Ans. 961 2.982724 

2. Required the cube, or third power, of .25, 

Log .25 = L397940 

3 



Ans. 0.015625 2.193820 

3. Required the tenth power of .64. Ans. ,0115292, 

Evolution bt Logarithms. 

35. Divide the logarithm of the given number hy the index of 
the root ; and the qtwtient will be the logarithm of the required 
root (Art. 12). 

When the characteristic of the logarithm is negative, and does 
not contain the given divisor without a remainder, we may in- 
crease the characteristic by any number that will make it exactly 
divisible, provided we prefix an equal positive number to the 
decimal part of the logarithm. 

Ex. 1. Required the square, or second root, of 1296, 

Log 1296 = 3.112605 

^ (Log 1 296) -5- 2 = 1.556303 Ans. 36. 

2. Required the cube, or third root, of .00048. 

Log .00048 = 4.681241 

^ (Log .00048) -^ 3= 2.893747 Ans. .078297. 

Here, the negative characteristic 4 not being exactly divisible 
by 3, it is increased by 2 to make it so, and then the 2 borrowed 
is restored, by regarding 2 as prefixed to the decimal part. 

3. Required the fourth root of .434296, Ans. .811794. 

4. What is the tenth root of 2 ? Ans. 1.0718. 
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PLANE TRIGONOMETRY. 

DEFINITIONS AND ELEMENTARY PRINCIPLES. 

«d6. Trigonometry is the science which treats of methods 
of computing angles and triangles. 

37. Plane Trigonometry treats of methods of computing 
plane angles and triangles. 

88. The MAGNITUDE OF ANGLES is represented hj numbers 
expressing how many times thej contain a certain angle fixed 
upon as the unit of angular measure. 

For this purpose a right angle is generally divided into 90 
equal parts called degrees, each degree into 60 equal parts called 
mtntUeSy each minute into 60 equal parts called seconds ; then 
an angle is expressed by the number of degrees, minutes, 
seconds, and decimal parts of a second, which it contains. 

39. Degrees, minutes, and seconds, are marked by the sym- 
bols °, ', "; thus, to represent 16 degrees, 9 minutes, 23.5 sec- 
onds, we write 16** 9' 23".5. 

40. Since angles at the centre of a circle are to each other 
as the arcs of the circumference intercepted between their sides 
(Geom., Prop. XVII. Bk. III.), these arcs may be regarded as 
the measures of the angles, and the number oi units of arc 
intercepted on the circumference may be used to express both 
the arc and the corresponding angle. 

41. A degree of arc is -yj^j- of a circumference ; a minvie, 
^ of a degree; a second, -^ of a minute; and these arcs 
subtend angles of a degree, a minute, and a second, respectively, 
at the centre. 

2* 
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42. For simplifying calculations, the radius employed in 
measuring angles, being constant, is taken at an assumed value 
of imity, as the linear unit of measure. 

43. Since the value of the constant ratio of the circumference 
to the diameter of a circle, represented by n, is 3L14159 (Geom., 
Prop. XV. Sch. 1, Bk. VI.), if the radius of a circle is denoted 
by r, its circumference is 2 7ir, where ti = 3.14159. Hence, 
as r is taken as unity, any number of degrees may be expressed 
as a multiple or fractional part of tt. Thus 360** = 2 tt, 180** 

= n, 90° = f , and 30° == ~. • 

2 o I 

44. The COMPLEMENT OF AN ANGLE, or arc, is the remain- 
der obtained by subtracting the angle or arc from 90°. Thus 
the complement of 45° is 45°, and the complement of 31° is 59°. 

When an angle, or arc, is greater than 90°, its complement 
is negative. Thus the complement of 127° is — 37°. 

Since the two acute angles of a right-angled triangle are together 
equal to a right angle, they are complements one of the other. 

45. The SUPPLEMENT OP AN ANGLE, or arc, is the remain- 
der obtained by subtracting the angle or arc from 180°. Thus 
the supplement of 110° is 70°. 

When the angle is greater than 180°, its supplement is 
negative. Thus the supplement of 200° is — 20°. 

Since the three angles of any triangle are together equal to 
two right angles, any one of them is a supplement of the sum 
of the other two. 

TRIGONOMETRIC FUNCTIONS. 

46. Trigonometric Functions are the quantities by which 
angles are subjected to computation. 

These we shall consider, in accordance with the best modem 
authorities, as ratios formed by comparii^ the sides of a right- 
angled triangle, and thus capable of comparison one with another 
by means of their geometrical properties. 

These ratios have received the speciaj names of sine, tangent, 
secant, cosine, cotangent, and cosecant. 

There are also sometimes employed the quantities termed 
versed sine, eaversed sine, and suversed sine. 




BOOK n. 15 

47. The BINE of an angle u ike ratio of the opposite side to the 
hypoihenuse. ^B 

Thus, in anj right-angled triangle, A B Oj 
if the sides be denoted hj p^ hj A, we shall ^ 

have, 

A 
sm -a = ^, sm ^= j. 

48. The TANGENT of an angle is the ratio of the opposite side 
to the {Mdfacent side. 

Thus, tan^=|, tan^=-. (2) 

49. The SECANT of an angle is the ratio of the hypothenuse to 
the <idjacent side. 

Thus, 8ec^=i sec^=-. (3) 

rJt/ ,50. Tlie COSINE, COTANGENT, and COSECANT of on angle are 
nA respectively the sine, tangent, and secant of its complement. 
Hence, since the acute angles of a right-angled triangle are 
complements one of the other (Art. 44), we have, according to 
the definitions. 



cos -4 = sin -B= -, cos-B=8in -4 = y; 

cot -4 = tan -5= -, cot -B= tan -4 = ~ ; 
p b 

cosec-4 = 6ec-B=-, cosec-B= sec-4 = r. 
p'^ 



(4) 



y 51. Since - is the reciprocal of -^, ~ ^^ r' ^^^ T ^^ T' ^® ®^® 
that the cosecanty cotangent^ and cosine of an angle are respec- 
tively the reciprocals of the sine, tangent, and secant of the angle. 
That is, 

cosu4 = 7, cot-4 = - Y, oosec-4=-; — ^ ; 

sec A ' tan -4 ' sm -4 



sm^= 7,tan-4=— — J, sec -4 = .; 

cosec A^ cot -4 ' cos ^ 



tin .4 cosec.4 = 1, cos^6ecJ[ = l, tan^cot^ = l. . 



} (5) 



16 



l&> 



TRIGONOMETRY. 




^52. If the cosine of -4 be subtracted from unity, tlie remainder 
is called the versed sine of -4 ; if the sine of -4 be subtracted from 
unity, the remainder is called the coversed sine of A ; and if the 
cosine of u4 be added to unity, the sum is called the suversed sine 
of A. Hence, 

vers A = l — cos -4, covers -4 = 1 — sin ^, f .^v 
suvers -4 = 1 -|- cos -4. \ 

^ , 53. The values of trigonometric ratios remain the same so long 
^' as the angle continues the same. 

Let BA Che any angle ; in -4 -5 take any point, B, and draw- 
ee perpendicular to A C; also take any other point, B'j and 
draw B' G' perpendicular to ^ (7. Then, since '&y\ B 

the triangles AB G, AB' G' are similar, their 
sides have to one another the same ratio 
(Greom., Art. 210), and therefore sin -4, tan ^, a"" 
&c will have the same values, whether ABG 
or AB' G' be the triangle by the sides of which they are ex- 
pressed. It is also evident that their values would change with 
a change of the angle. Hence, 

The trigonometric ratios determine the angleSy and conversely ; 
that is, any determinate values being given for the one, deter- 
minate values can be found for the other. 

(^ 54. The terms sine, tangent, secant, &c., were formerly ♦ con- 
sidered to he functions of an arc, and denoted certain trigonome- 
tric lines* 

Thus, let be the centre of any circle, -4,4" its diameter, and 
-4 -5 any arc; draw the radius O A' 
at right angles to AA", and draw tan- 
gents to the circle at the points A 
slu^ A' \ produce OB to meet the 
first tangent in T and the second tan- 
gent in T^ ; draw B I> perpendicular 
to A, and B JD* perpendicular to 
OA*. Then, by the old definitions, the 
lines of the figure are considered to 

* *' The modern method has now completely superseded the ancient method 
in English works.*' — TodhunUr'$ Trigonometry^ p. 49. 




.^ 
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be the functions of the arc ^ jR BDjs the sine of the arc A By 
OD its cosine^ ^ 2^ its tangent, A' T' its cotangent, O T \X& 
secant, T' its cosecant, A I) its versed sine. A' JD^ its coversed 
sine, and A"Dits suversed sine. Also the line joining A and B 
is the chord of the arc A B, 

That is, in the circle whose radius is unity ; — 

Uie SINE of an arc^ or of the angle measured by thai arc, is the 
'perpendicular let fall from one extremity of the arc, upon the di^ 
ameter passing through the other extremity. 

The COSINE is the distance from the centre to the foot of the 
sine. 

The trigonometric tangent is that part of the tangent touching 
one extremity of the arc, which is intercepted between that extremity 
and the radium produced passing through the other extremity. 

The SECANT is that part of the radius produced which is inter* 
cepted between the centre and the tangent. 

The VERSED SINE is that part of the diameter intercepted be- 
tween the foot of the sine and the origin of the arc. 

The COTANGENT, COSECANT, and COVERSED SINE are tangent, 
secant, and versed sine, respectively, of the complement of an arc 
or angle. The cosine is also equal to the sine of the complement, 
as OD = D'B. 

The SUVERSED SINE is that part of the diameter which remains 
after taking away the versed sine, or it is the versed sine of the 
supplement, 

55. If the radius of the circle be unity, the numerical value of 
the sine and other trigonometric functions is the same in both the 
old and new systems, for 

8iiiA0B=^, Bin ABz=BI). 

But OB is the radius of the circle, and denoting it by r, we have 

8inAB=sinA0BXr, smAOB=^^^-^; 

r 

and making radius = 1, we have 

sin^^==sin^O^. (7) 

In like manner it may be shown, that similar results hold for 
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all the other trigonometric functions. Hence any formula ex- 
pressed in the old system may be immediately converted into a 
formula expressed in the new system, by supposing the radius of 
the circle to be equal to unity. 

56. The sine, cosine, tangent, and cotangent constitute the 
primary class of trigonometric ratios, as they are by far most 
frequently used ; and the others form a subordinate class, the 
employment of which is occasionally attended with convenience. 
They are collected, for more ready reference^ in the following 





TABLE. 




1. 


sin^=| 


1. 


• A 1 
sm^ = J 

00680 A 


2. 




2. 


J, 1 

cos-4 = 7 

860-4 


8. 
4. 


tan^=f 

cot.l = ^ 
P 


3. 
4. 


fnn A ^ 


COt^ 
mt 4 ^ 


tanil 


5. 


A * 

sec ^ = r 




5. 


. 1 

8ec-4 = 7 

cos .4 


6. 


A * 

cosec A-=- \ 
P 


6. 


A — 1 


sm^ 


7. 


A . * 

vers Az=:\ — ^ 


7. 


vers -4 = 1 — cos ^ 


8. 


covers -4 = 1 — ^ 


8. 


covers A = l — sin ^ 


9. 


A , 1 & 

suvers -4 = 1 -j- - 


9. 


suvers -4 = 1 -|- cos -4 



Other Relations between Trigonometric Functions op 
THE same Angle. 

57. To find the cosine of an angle hy means of its sine. 
From the right-angled triangle ABO 
(Geom., Prop. XL Bk. IV.) we have 

jp« + 52 = A«. 

Dividing both sides of the equation by A* A 
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gives ^ + ^=1; 

or, by definition (Art. 47, 50), 

an* ^ -|- cos* ^ = 1 ; 
therefore coe* A = l — sin* A, 

and cos ^ = ^1 — sin* A ; 
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(8) 

(9) 

(10) 



in which "sin* A'* denotes ** the square of the sine of AJ* 

58. To find the sine of an angle by means of its cosine* 
Since, hj (8), sin* A -|- cos* A = l, 

em*A = l — co^Aj (11) 

and sin -4 = ^1 — cos* -4. (12) 

59. To find the tangrkt *and cotanoent of an angle bg 
means of the sine and cosine. 

By (2) we have 

fan A p , b p 



(18) 
(14) 



60. To find the secant and cosecant of an angle by means 
of the tangent. 

From the right-angled triangle ABG 

we have 

A* = ^-fj9*. 

Dividing both sides of the equation bj ^^ 
gives 



tanJl — ^. 


, mnA 
anci 


UiU^ .. ^ , 


cos -4 


therefore 


. sin -4 
tanul = 7 


Then, hj Art 51, 


. cos-4 
cotan^ •=- — T 

flin A 




^ -1 + ^. 



or, by definitions (Art. 48, 49), 

sec* ^ = 1 + tan* A. 



(15) 
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Again, since 



i' - 1 + ?. 



or, by definitions (Art 50), 

cosec^ A = l+ cot^ A. (16) 

61. In general, any one of the six trigonometric ratios of an 
angle being given, the relations expressed by the foregoing for- 
mulae will enable us to find the value of all the rest. These are 
termed the elementary formuUB^ and are collected in the following 

, , L c^ TABLE. 



1. sin* A -|- cos*-4 = 1. 
2. sin* -4 = 1 — cos* A, 3. cos* -4 = 1 — sin* A. 



4. tan A = 



sin^ 



' cos-4 * 
6. 8ec*^ = l + tan*^. 



- , J cosA 

5. cot A = - — . . 
sin^ 

7. cosec*^=l4-co^-4. 



-h 



Eelations between Trigonometric Functions op dif- 
ferent Angles. 

62. To find the sine and cosine of the sum of two angles by 
means of their sines and cosines. 

Let the two angles be COD, DOB. In the line OB take 
any point, B, draw BB perpendicular to 
O 0, and BD perpendicular to D. 
Draw D G perpendicular to BB, and 
D G perpendicular \o 00. The trian- 
gles GBD and COD have their sides 
perpendicular, hence they are similar 
(Geom., Prop. XXV. Bk. IV.), and the 
angles DBG and GOD are equal. 

Let a=GOD = DBGy and h=zDOB. 




Then 



and 



a-\-h—GOB, 



EF 
8in(a+J)=:^^: 



GF-^EG _DC . EG 
OE ~ OE'^OE' 
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DC 
OE 

DC 



or, substituting for j^ the ratios of which it is formeds 

OD 



OD ^ OE 



= 8m^a coBb, 



and in like manner, for 



EG 
OE' 



EG ^ ED . . 

we have sin (a -{- i) = sin a cos ft -|- cos a sin b. 
Again, cos (a + ft) = ^j-^ : 



(17) 



OC—CF 
OE 



PC 
OE' 



DO 
OE' 



OC 



or, substituting for -pr-= the ratios of which it is formed. 



(18) 



and in like manner, for 77^ 9 

DG ^ DE . . . 

we have cos (a -{- ft) = cos a cos ft — sin a sin ft. 

^63. To find the sine and cosine of the difference of two 
angles by means of their sines and cosines. 

Let the two angles he F JD, JD K 
In the line 0^ take any point, E, draw 
EF perpendicular to F, and £D 
perpendicular to D. Draw D G per- 
pendicular to FB produced, and D G 
perpendicular io F. The triangles 
GED and COD have their sides 
perpendicular, hence they are similar q~ 
(Geom., Prop. XXV. Bk. IV.), and the 
angles DE G and GOD are equal. 

Let a= OOD — DEG, and b = DOE. 

Then a — b=zFOE, 

8 
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. , rs EF GF-^GE DC GE 
and Bm(a-5) = ^= ^^ =__—,; 

DC 
or, substituting for ^-p the ratios of which it is formed, 

DC ^ OD . . 

C F 
and in like manner, for -rr^^ 

GE ^ED . - 

we have sin (a — ^) = sin a cos h — cos a sin h, (19) 

^ . , -^ OF OC+CJP OC.DG 
Again, cos(a — 5)=^^ = ^^ = _- + _g5 

or, substituting for •Trr=, the ratios of which it is formed, 
OC ^ OD , 

odXo:& = ^'^^'^* 

and in like manner, for -Tpp^ 

DG ^ED . . . 

we have cos (a — 5) = cos a cos 5 -|- sin a sin h. (20) 

64. The four formulae last established apply to arcs as well as 
angles, and may be considered the fundamental formvJUB of sub- 
sequent analysis. They are brought together in the following 

TABLE. 



1. 


sin (a -{- ft) = sin a cos ft -|- cos a sin ft. 




2. 


cos (a -|- ft) = cos a cos ft — sin a sin ft. 




8. 


sin (a — ft) = sin a cos ft — cos a sin ft. 




4. 


cos (a — ft) == cos a cos ft + sin a sin ft. 
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A«- 



A' 



O 



65. If on any line, straight or curved, different distances be 
measured from a fixed point of origin, the distances which have 
contrary situations may by convention be introduced into our 
calculations, by affecting the quantities representing their mag- 
nitudes by contrary signs. 

Let be a fixed point in any line, AA"y and suppose we 
have to determine the situations of other points in this line with 
respect to 0, The position of any 
point in the line will be known if we 
know the distance of the point from 0, 
and also know on which side of the 
point lies. Now it is found convenient 
to adopt the following convention: dis- 
tances measured in one direction from 
along the line will be denoted by 
positive quantities, and distances measured in the contrary direc- 
tion from will be denoted by negative quantities. 

Thus, for example, suppose that distances measured from 
towards the right are denoted by positive numbers, and let A 
be a point, the distance of which from is denoted by 2 or 
-j~ 2 ; then if A" be a point situated just as far to the left of 
as ^ is to the rights the distance of A" &om will be denoted 
by —2. 

In like manner, if distances originating in A A", and taken 
along OA', or only parallel to OA', when measured upwards 
be denoted by positive quantities, on being measured downwards 
they will be denoted by negative quantities. 

66. A similar convention may con- 
veniently be adopted with respect to 
angles. 

Let any line, B, revolve from the 
position OA, in one direction round 0, 
forming the angle B A^ and let this 
angle be denoted by a positive quan- 
tity; then, if the line OB revolve, 
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from the position OA, round in the contrary direction, form- 
ing the angle B'OA, this angle may be denoted by a negative 
quantity. 

Thus, for example, if each of the angles A OB and AO B 
is two ninths of a right angle, and we denote the fonner by 20^ 
or +20**, the latter may be denoted by — 20**. 

The direction of the positive distances is quite indifferent ; 
but, being once $xed, the negative distances must lie in the 
contrary direction. 

67. The representation of angles as the measure of the revo- 
luiion of a line, turning in a plane about one of its own points, 
leads to the consideration of angles, not only greater than two 
right angles, but of all possible magnitudes. 

Thus, when the line OB, starting from the initial position 
OA, has passed A", or made more than half a revolution, we 
have described an angular magnitude 
of more than 180^; and when it has 
passed on to -^, we have an angular 
magnitude of 360®. If it now contin- 
ues to revolve in the same direction till 
it arrives again at B, we have an an- 
gular magnitude of 360°+ 20°= 380^ 
and thus we may conceive of angles 
of all magnitudes. In like manner 
negative angles of all magnitudes may be formed by the describ- 
ing line B revolving from A, but in a contrary direction. 
i 68. The algebraic signs of the trigonometric functions can be 
readily fixed in the mind by being 
repiesented geometrically. Thus, 

Let the extremity of a revolving 
line, starting from the initial posi- 
tion OA, describe the positive arc 
A B less than 90°, A B between 
90° and 180°, AA'B' between 180* 
and 270°, and AAA'B" between 
270° and 360°. Then, according to 
the definitions of Art 54, BD, BD'y 
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B'I>j and B"D are the sines, and OD and />' are the cosines, 
of the angles measured by the arcs terminating in each of the 
four quadrants. 

As all the functions of an angle less than 90° are considered 
positive, their direction will fix the signs for other quadrants. 

It will be seen (Art. 65) that the sines are above the diameter 
A A" J and positive, in the first and second quadrants, but below^ 
and negative, in the third and fourth quadrants. 

Also (Art 65), the cosines are to the right of the diameter 
A' A"', and positive, in the first and fourth quadrants, but to the 
left, and negative, in the second and third quadrants. 

As tan -4= -\ (13), the tangent must be positive when 

the sine and cosine have the same sign, and negative when they 
have unlike signs. Hence the tangents are positive in the first 
and third quadrants, and negative in the second and fourth 
quadrants, a result which may also be obtained by noticing 
whether the tangents must run above or below the origin A, to 
meet the secant. 

The cotangent of any angle or arc always has the same alge- 
braic sign as its tangent, the secant the same as the cosine, and tlie 
cosecant the same as the sine ; for they are reciprocals (Art. 51). 

The versed sine, coversed sine, and su versed sine, since they 
are referred to the origins of their arcs. A, A', and A'*, as fixed 
points, instead of the centre 0, can have but one direction, and 
therefore are always positive. 

By comparing the sine B^'D and the cosine D of the nega- 
tive arc A B" (Art. 66) with those of the equal positive arc 
A B, it Will be seen that the cosines are identical, and conse- 
quently the secants are equal ; but the sines, and, consequently, 
the tangents, cotangents, and cosecants, have unlike algebraic 
signs. The functions of the arc A B", terminating in the first 
negative quadrant, are the same as those of the arc A A' A 'B', 
terminating in the fourth positive quadrant The second nega- 
tive and third positive, the third negative and second positive, 
and the fourth negative and firj^t positive quadrants likewise 
have functions with the same algebraic signs. 
3* 
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69. From the results above obtained is formed the following 









TABLE. 


/ 
L 


{y\^/\A/^AA^ 


Positive 
Quadrant. 


Sine. 


Cosine. 


Tangent. 


Cotan't 


Secant. Cosecant. 

i 


Negative 
Quadrant. 


First. 
Second. 
Third. 
Fourth. 


+ 
+ 


+ 
+ 


+ 
+ 


+ 


+ 
+ 


+ 


Fourth. 
Third. 
Second. 
First. 



Values of the Trigonometric Functions op certain 
Angles. 



^ 



70. The definitions of the trigonometric functions already 



given (Art. 46-50) apply directly only to angles not exceeding 
a right angle. But by means of the formulae which have been 
deduced from them we may now extend the definitions so as to 
render them applicable to angles of any magnitude. 
/1\. To find the sine, ^c, of 30° and of 60^ 

Let AB G be an equilateral triangle, then 
each of its angles equals one third of two right 
angles, or 60®. Draw BD perpendicular to -4 (7, 
then the angle ABB is equal to ^ ABO, AB 
is equal to B O, and AB = ^ B 0= iAB. 
Therefore, 




sin ABB = ^-^ = ^-^^ = il 



AD 
AB 



or, since 30° and 60° are complements the one of the other, 

sin 30° = cos 60° = J, (21) 

whence by (10) 

cos 30° = sin 60° = ^I^^ = i \JS. (22) 

Then, by (13) and (5), 

tan30° = cot60°= ^^3 = ^3 = 1^3, (23) 
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cot 80* = tan 60° = ^ = v^3, (24) 

8CC 30* = oosec60°=^ = A = ^^3, (25) 
cosec 30* = sec 60** = i = 2. (26) 

^72. 7b /nrf /A« SINE, 4-<?. q/* 45*. 
Since 45* is the complement of 45*, 

sin 45* = cos 45*. 
Then making A = 45* in (8), we have 

sin» 45* + cos* 45*= 2 sin» 45* = 2 cos* 45*= 1, 
or sin* 45* = cos* 45* = J, 

sm 45*= cos 45*=v^i = Jv^2. (27) 
Hence by (13) and (5), 

tan 45* = cot 45* = *-^ = 1, (28) 

sec 45* = oosec 45* = r^ = v^2. (29) 

73. ^o Jind the sine, ^c. of 0* €md of 90*. 

Since 0* and 90* are complements the one of the other, 

sm 0* = cos 90*. 

Then making a = 5 in (19) and (20), we have 

sin 0* = cos 90* = sin a cos a — cos a sin a = 0, (30) 

cos 0* = sin 90* = cos a cos a -f- sin a sin a, 

or by (8), cos 0* = sin 90* = cos* a + sin* a = 1. (31) 

Hence by (13) and (5), 

tan O* = cot 90* = ^ = 0, (32) 

cot 0* = tan 90* = i = QO, (33) 

sec 0* = cosec 90* = | = 1, (34) 

cosec 0* = sec 90* = ^ t= oo. (35) 
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74. Tojind the sinb, S^c. of 180**. 

Let a = ft = 90** in (17) and (18) ; then, by means of (30) 
and (31), we have 

sin 180** = 1x0 + 0X1=0, (36) 

cos 180** = X — 1 X 1 = —1. (37) 

Hence, by (13) and (5), 

tan 180** =-^ = 0, cot 180** = -i- = oo , (38) 

sec 180** = -L = _i, oosec 180** z= 1 = 00. (39) 

75. To find the sisf^ S^c, of 210''. 

Let a = 180** and ft = 90** in (17) and (18), and we have 

sin 270** = 0X0+ (—1) XI =—1, (40) 
cos 270** = (— 1) X —0 X 1 = 0. (41) 

Hence, by (13) and (5), 

tan270** = =i = QO, cot 270** = -^ = 0, (42) 

sec 270** = i = 00 , cosec 270** = -1 = — 1. (43) 

76. To find the sine, S^c. of 360^ 

/^ Let a = ft = 180** in (17) and (18), and we have 

sin 360** = X (— 1) + (— 1) X = 0, (44) 

cos 360** = (— 1) X (— 1) — X = L (45) 

But these values for the sine and cosine of 360** are the same 
as those for the sine and cosine of 0**. Hence, 

AU the trigonometric functimis of 360** are the same as those 
(or^ 

77. To find the sine, S^c, of the supplement of an angle. 

Let a = 180** m (19) and (20) ; then, by means of (36) and 
(37), we have 

sin (180** — ft) = sin ft, cos (180** — ft) = —cos ft (46) 



f^ I 
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whence, by (13) and (5), 

sin b 



ton (180° — J) = £"|J J = —tan b. 


(47> 


cot (IRQ" „, , J^ — — , cot b 


(48) 


cot ^^lOU — O) — t^^j -7- """ "j 


nrr /^l ftO" K\ f,-f J, 


(49) 


sec (.lou 0; — —COB* — ' 


cosec (180° — i) = -^V = «»ec J; 


(50) 



that is, the tine and cosecant of the supplement of an angle are 
the same as those of the angle itself; and the cosine^ tangent^ 
cotangent, and secant are the negatives of those of the angle, 

78. It follows from the preceding article, that the sine and 
cosecant of an obtuse angle are positive, while its cosine, tangent^ 
cotangent, and secant are negative, as has before been shown 
geometrically (Art 68, 69). 

79. To find the sine, S^c. of a negative angle. 

Let a = 0** in (19) and (20) ; then, by means of (30), (31), 
(13), and (5), we have 

sin ( — h) = — sin b, cos ( — b) = cos J, (51) 

tan (— 5) = —tan b, cot (— b) = —cot b, (52) 

sec ( — ft) = sec 5, . cosec ( — b) = — cosec h ; (53) 

that is, the cosine and secant of the negative of an angle are the 
same as those of the angle itself; and the sine, tangent, cotangent, 
and cosecant of the negative of an angle are the negatives of those 
of the angle. These results correspond with those obtained 
geometrically (Art 68). 

80. To find the sine, Sfc. of an angle which exceeds 180*. 
Let a == 180** in (17) and (18) ; then, by means of (36) and 

(37), we have 

sin (180^+ ft) = —sin ft, cos (180°+ ft) = —cos ft, (54) 
tan (180** + ft) = tan ft, cot (180** + ft) = cot ft, (55) 

sec (180**+ ft) = —sec ft, cosec (180**+ ft) = —cosec ft ; (56) 
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that is, the tangent and cotangent of an angle which exceeds 180* 
are equal to those of its excess above 180® ; and the sine, cosine^ 
secant, and cosecant of this angle are the negatives of those of its 
excess. 

\ 81. It follows from the preceding article, that the tangent and 
cotangent of an angle which exceeds 180® and is less than 270® 
are positive; while its sine, cosine, secant, and cosecant are 
negative. 

Also, hy considering b greater than 90® (Art 78), that the 
cosine and secant of an angle which exceeds 270® and is less than 
360® are positive ; while its sine, tangent, cotangent, and cosecant 
are negative. (See Art. 68, 69.) 

82. To find the sine, S^c. of an angle which exceeds 360®. 
Let a = 360® in (17) and (18) ; then, by means of (44) and 

(45), we have 

Bin (360® + b) = sin b, cos (360® + J) = cos 5 ; (57) 

that is, all the trigonometric functions of an angle which exceeds 
860® are the same as those of the excess above 360®, so that 360® 
mag be suppressed as often as it can be, so far as the function of 
the angle is concerned. 

83. The trigonometric functions of any angle whatever can 
now be readily expressed in those of an angle not exceeding 
90®. Thus, 

1. The trigonometric functions of any negative angle can be 
made to depend upon those of the corresponding positive angle 
(Art 79). 

2. Any angle exceeding 360®, as far as the trigonometric 
functions are concerned, may be replaced by an angle less than 
360® (Art. 82). 

3. Any angle exceeding 180® can in like manner be replaced 
by an angle less than 180® (Art 80). 

4. The trigonometric functions of any angle exceeding 90® 
may be made to depend upon those of an angle less than 90® 
(Art 77, 78). 

For example. 
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Bin 600° = sin (360*' + 240°) 
= —sin G0°, 



: sin 240° = sin (180° + 60°) 



tan (—1000°) = —tan 1000°== —tan (720°+ 280°) = 
—tan 280° = —tan (180° + 100°) = —tan 100° = 
—tan (180° — 80°) = tan 80°. 

QyC B4 It will be seen from the preceding articles that the sine 
^ and cosine may have any value between — 1 and -|-1 ; the 
tangent and cotangent, any value between — go and -|-oo ; the 
secant and cosecant, any value between — go and — 1 and be- 
tween -{-1 and -f-QO. It might also be shown that the versed 
sine, coversed sine, and suversed sine may have any value be- 
tween and 2. 

It wUl also be found that no trigonometric functidn changes 
its sign except when it passes through the value zero or the 
value infinity. V 

of fee 



fT"/ 



a; 85. The values of the functions of 0°, 90°, 180°, 270°, and 
360° can be readily recalled, by being represented geometrically, 
according to the definitions of Art 54. Thus, 
sinO° = 0, cos 0° = 0^ = ^ = 1, 
tan 0°= 0, and sec 0° = 0-4 = 1 ; 
sin 90° = 0^' = 1, cos 90° = ; 
sin 180°= 0, cos 180°=O-4'' =— 1 ; 
sin 270°=O^'"= —1, cos 270°= 0. 

The tangent for either 90° or 270° 
would be a line drawn through A 
parallel to the secant, which would 
be A' A!" prolonged, and as they are 

each to be limited by their mutual intersection, they must both 
be infinite. 

The cotangent of either 0° or 180° would be an infinite line 
drawn through -4', and parallel to the cosecant, which would be 
A A" infinitely prolonged. 

vers 0° = 0, vers 90° = vers 270° = ^0 = 1, vers 180° 
= ^ ^" = 2 ; covers 0° = covers 180° = ^'0 = 1, covers 
90° = 0, covers 270° = A! A"' = 2 ; suvers 0° = A" A = 2, 
Buvers 90° = suvers 270° = ^"0 = 1, suvers 180° = 0. 
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TABLE. 



Degrees. 


Sine. 


Goiine. 


Tangent 


Cotangent 


Secant 


Coeecant 








+1 





00 


+1 


00 


90 


+1 





00 





00 


+1 


180 





—1 





00 


—1 


00 


270 


—1 


. 


00 





00 . 


—1 


360 





+1 





00 


+1 


00 



GENERAL FORMULA. 

86. From the four flindamental fonnulse (Art 64), a large 
number of other formulae of general utility may be deduced. 

87. To find expressions for the products of sines and cosines, 
and for their sums and differences. 

The sum and difference of equations (17) and (19) are 



sin (a + J) -|- sin (a — ft) = 2 sin a cos ft, 
sin (a + ft) — sin (a — ft) = 2 cos a sin ft ; 
and the sum and difference of (18) and (20) are 

cos (a + ft) -{- cos (a — ft) = 2 cos a cos ft, 
cos (a + ft) — cos (a — ft) = — 2 sin a sin ft. 
Now, if in the formulae we let 

.a-|-ft = -4, and a — ft = j^ 
thatis, 

a=J(^ + ^, andft = ^(^ — ^), 
we shall have, 

^sin^ + smi?=2sini {A-\-B) cos ^ {A — B)y 
^sin^ — sin^=2cosi (,A-\-B) sin ^ {A — B), 
cos-4 + cosi?=2cosi {A-^B) cos ^ {A — B), 



'/ 



co&B—QO&A=2smi{A-\-B) sin J(^ — ^), 



(58) 
(59) 

(60) 
(61) 



(62) 
(63) 
(64) 
(65) 



' '-A 



in which A and B represent any two angles, and consequently 
idmit of every possible value. These formulae are of frequent 



BOOK n. 83 

application^ especiklly in calculations effected by logarithms ; 
(58), (59), (60), and (61) serve to transform a product to a sum 
or difference, and (62), (63), (64), and (65) serve to transform 
a sum or difference to a product 

88. Dividing formula (62) by (63), we have 

anA—anB~coBllA+B)emi Ia-^B) ' 
which, by means of (13) and (5), becomes 

^^^£| = tan H^ + ^ cot J (^-^. 
or, 

gin ^ -f" '''^ ^ tan ^(.4 4- Jg) .^^. , 

sin ^ — sin 5 — tan J (^ —^) ' ^^' 

and by (14), 

sin ^ 4~ ^^ "^ cot J (u4 — B) ,^-. ,, 

mA^^^jTB ~ ^l'jA+~B) ' ^^^^ ' 

that is, 

The sum of the sines of two angles is to their difference as the 
tangent of half the sum of the angles is to the tangeiU of half their 
difference, or as the cotangent of half their difference is to the co- 
tangent of half their sum, 

89. By means of (62), (63), (64), and (13), we obtain, 

8in^+sini? _28in^(.l+B)cos^(^-B)__ ^. . ^ .^. 
C08A + 008^— 2co8i(^^jB)^^i(^^=Z^)— ^^^^^'^^^^'^^^ 

8in^-8inB _2cos i(^ + ^)8ini(^--^ ) . m (M\ 

coeA + co9B—2co8i(A+B)cosi(A---B)—^^^^'^~'^^'^^^> 
that is. 

The sum of the sines of two angles divided by the sum of their 
cosines is equal to the tangent of half the sum of the angles ; and 

The difference of the sines of two angles divided by the sum of 
their cosines is equal to the tangent of half the difference of the 
angles, V 

90. To find the tangent and cotangent of the sum of two •angles 
hy means of their tangents. 

Let A and ^ be the two angles ; then, by (13), 
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or, substituting for sin (A + B), cos {A + S% their values fix)m 
(17) and (18), 

rJ _l_ J7V Bin ^ cos -B -f- cos ^ sin B 

^ • ^ cos A cos B — sin J. sin jS* 

Dividing all the terms of the numerator and denoininator by 
cos A cos Bf we have 

sin A j^ffln B 

. , _ cos il 'cos B 

tanXA + B) = 1 — -i -. — d> 

^ ' '' - sin il sin ^ 

cos^ cosjB 

or, by (13), 

and, by (5),. 

^ / J t T>\ ^ — tan il tan B .-- . ♦ ^^ 

cot (A + B) = tan^+taa^ ' ^0^^^^ 

91. To find the tangent and cotangent of the difference of two 
angles by means of their tangents. 

By (18), 

^ ^ coa {A — B)^ 

then, in like manner as in Art 90, we have, 

. / J T>\ tan A — tan B ^-^^ ^ 

tan(^-^) = ^_^^^^^ , (72) ^^ 

and 

92. To find the sine, Sfc. of double an anglsy by means of the 
functions of the angle itself 

In the expression for sin (-4+ B) and cos (-4+ B), let B=.A, 

then sin 2 ^ = sin ^ cos ^ -|- sin -4 cos -4, 

or, sin 2 ^ == 2 sin A cos -4 ; (74) c^ 

and cos 2 -4 = cos A cos A — sin ^ sin u4, 

or, cos 2 A=z cos* A — sin* A. (75) 
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Substituting in the latter, first the value of cos' A and then the 
value of sin* Ay from (9) and (11), we have 

cos2^ = l— 2 8in* J, (76) 

cos 2 ^ = 2 COS* ^ — 1. (77) 

By means of (70) and (71), we have 

93. To find the sine, S^, of fidf an angle hy mean$ of the 
sine or cosine of the angle itself 

Let ^ ^ = -4 in (76) and (77), and transpose ; then 

2sin'i^ = 1 — cos^, (SO)C^ 

2cos*i^ = 1 + cos^; (81),,/ 

whence 



sinM = yA=F^, cosM=y/'-±-?^. (82) 

tanM = -M = i/S^ (83) 

By multiplying both numerator and denominator by ^1 — cos Ay 



or by ^1 + cos A, we obtain (12), 

4" cos A 



X A 1 — C08 ^ sm ^ ,g -V / 

tan 4^^ = — , — .— = — -j J. (84) . 



)L 



NATURAL SINES 'AND COSINES. 

94. Natural sines, cosines, &c. are the values of the 
sines, cosines, &c. expressed in natural numbers. 

95. A table containing these values is called a table of nat- 
/ ural sines and cosines. 

' \j^ p^^^' The semi-circumference of a circle whose radius is 1 is 
\^ equal to 3.1415926 nearly (Geom., Prop. XV. Sch. 2, Bk. VI.), 
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and this divided by 10800, the number of minutes in 180°, will 
give .0002908882 for the arc of 1', which may be taken also for 
the sine of an angle of 1'. 
By means of formula (10), 



cos 1' = v^l — sin^ 1' = .9999999577. 

Then by transposition of formulae (58) and (60), 

sin (a-{-b) = 2 sin a cos b — sin (a — i), 

cos (a -f- ^) = 2 cos a cos & — cos (a — b), 

in which, making b equal to 1', and a, in succession, equal IJ 
2', 3', &c., we obtain for the sines, 

sin 2' = 2 sin 1' cos 1' — sin 0' = .0005817764, 
sin 3' = 2 sin 2' cos 1' — sin 1' == .0008726646, 
sin 4' = 2 sin 3' cos 1' — sin 2' = .0011635526, 

&c, &C., 

and for the cosines, 

cos 2' = 2 cos 1' cos 1' — cos 0' = .9999998308, 
cos 3' = 2 cos 2' cos 1' — cos 1' = .9999996193, 
cos 4' = 2 cos 3' cos 1' — cos 2' = .9999993232, 

&c., &c., 

thus obtaining the sines and cosines up to 45°. 

The tangents may readily be found by dividing the sines by 
the cosines (13) ; and the secants, cotangents, and cosecants 
by dividing 1 by the cosines, tangents, and sines, respectively 
(Art 51). 

97. The sines, tangents, and secants of angles greater than 45° 
are respectively the cosines, cotangents, and cosecants of their 
complements, which are less than 45°; and, by their definitions, 
cosines, cotangents, and cosecants are the sines, tangents, and 
secants of complements (Art 50). Thus, 

sin 46° = cos (90° — 46°) == cos 44°, tan 51° = cot 39°, 
cos 50° == sin 40, cot 88° = tan 2°. 
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Tables, therefore, do not go beyond 45**; or, rather, are so 
arranged that each number answers as a function of both an 
angle less than 45'' and its complement greater than 45^« 

TABLE OF LOGARITHMIC SINES, COSINES, &o. 

98. A TABLE of LOGARITHMIC SINES, COSINES, &C. Contains 
the logarithms of the numbers expressing the natural sines, 
cosines, &c. 

99. Since the sines and cosines are never greater than 1, and 
tangents likewise, when under 45®, their logarithms properly 
have negative characteristics. But to avoid the inconvenience 
of these, the characteristics are, by common consent, increased 
by 10. Thus the characteristic 9 is used in the place of — 1, 
8 in place of — 2, &c. 

The radius, therefore, of the logarithmic sines, cosines, &c is, 
as arbitrarily assumed, 10^®, or 10,000,000,000. 

100. In the accompanying table the degrees are given at the 
top and bottom of the page, and the minutes in the columns at 
the sides designated by M. 

The column headed D contains the increase or decrease for 1 
second. This is obtained by taking one sixtieth of the difference 
between the logarithmic sine, cosine, &c. of an angle or arc, and 
that next exceeding it by 1 minute. The result is placed against 
the lesser angle or arc 

To FIND THE Logarithmic Sine, &c. op ant Angle or 

Arc. 

101. If the angle or arc is less than 45°, look for the degrees 
at the top of the table, and for the minutes on the lefi; then, 
opposite to the minutes, on the same horizontal line, and in the 
column headed Siney will be found the logarithmic sine ; in the 
column headed Cosine will be found the logarithmic cosine, &c 
Thus, 

the logarithmic sine of 19° 23' is 9.520990, 

« « cosineofSr 47' " 9.929442, 

« " tangent of 43° 5' " 9.970922. 

4* 
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102. If the angle or arc is between 45® and 90®, look for the 
degrees at the bottom of the table, and for the minutes on the 
right ; then, opposite to the minutes, and in the column desig- 
nated at the bottom Sine^ will be found the logarithmic sine ; 
in the column designated at the bottom Cosine will be found the 
logarithmic cosine, &c Thus, 

the logarithmic sine of 80® 11' is 9.993594, 
" " cosine of 65® 59' " 9.609597, 

« « cotangent of 73® 35' « 9.469280. 

103. If the angle or arc is between 90® and 180®, subtract it 
from 180®, and take the logarithmic sine, &c of the remainder. 
Thus, 

the logarithmic sine of 112® is the logarithmic sine of 68®. 
« " tangent of 98® « « tangent of 82®. 

104. If the angle or arc is expressed in degrees, minutes, and 
seconds, find the logarithmic sine, &c. of the degrees and min- 
utes as before ; then multiply the number opposite, in the column 
headed D, by the seconds, and add the product to the number 
first found, for sines and tangents, but subtract it for cosines and 
cotangents. 

Thus, if the logarithmic sine of 30® 25' 42" is required, 

The logarithmic sine of 30® 25' is 9.704395 

Tabular difference, 3.59 

Number of seconds, 42 

Product, 15078 150.78 

Logarithmic sine of 30® 25' 42" is 9.704546 

It is customary to omit the decimal figures at the right, but 
to increase the last figure retained, by 1, when the figure at the 
lefl of those omitted is 5 or greater than 5. 

105. The secants and cosecants are not included in the table, 
since they may be readily derived from the cosines and sines. 

By (5), sec A cos A = ly and log sec A -f- log cos -4 = ; 
but as log sec and log cos are each increased by 10 (Art. 99), 
the second member of the equation must be increased by 20, 
that is, 



BOOK IL 39 

logarithmic secant = 20 — logarithmic cosine. 
In like manner, 

logarithmic cosecant = 20 — logarithmic sine. 
Hence, to find the logarithmic^ecan/, subtract the logarithmic 
cosine from 20 ; and to find the logaritimiic cosecanty subtract the 
logarithmic sine from 20. Thus, 

The logarithmic secant of 65** 59' is 10.390403 
" « cosecant of 30^ 25' 42"" 10.295454. 

To FIND THE Angle or Arc corresponding to any 
Logarithmic Sine, &c. 

106. Look in the column designated by the same name with 
the given logarithm for the sine, &c. which is nearest to the 
given one, and if the name be at the head of the column, take 
the degrees at the top of the table, and the minutes on the kjt ; 
but if the name be at the ybo^ of the column, take the degrees at 
the bottom^ and the minutes on the right Thus, 

The angle or arc corresponding to the logarithmic sine 9.681443 
is28M2'. 

The angle or arc corresponding to the logarithmic tan 9.984079 
is 43^ 57'. 

The angle or arc corresponding to the logarithmic cos 9.731603 
is 57° 23'. 

107. If the given logarithmic sine, &c is not found exactly, 
or very nearly, then, to find the seconds^ subtract from the given 
logarithm that next less in the table, to the remainder annex two 
ciphers, divide the result by the number in the column headed 
D, and the quotient will be the number of, seconds to be added 
to the degrees and minutes of the lesser logarithm for sines and 
tangents, or to be subtracted for cosines and cotangents. 

Thus, to find the angle or arc corresponding to the logarithmic 
sine 9.938070. 

Given log sine, 9.938070 

Next less, 9.938040 correspondmg angle, 60** 7' 

Diff. from column D, 1.21)30.00 25" 

The log sine 9.938070 has for its cor. angle or arc, 60° 7' 25". 
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The angle or arc corresponding to the logarithmic tangent 
9.497200 is 17° 26' 33". 

The angle or arc corresponding to the logarithmic cosine 
9.792477 is 5V 40' 30". 

EXAMPLES. 

/I. Required the logarithmic sine of 28** 42'. Ans. 9.681443. 
y^» Required the Ipgarithmjc cosine of 59° 33' 47". 
^ f t.^/^'Sv^> ^ ^^^^.^ ) ^ ■)^ Ans. 9.704657. 

vv- 3. Required the logarithmic cotangent of 127° 2'. 
^ Ans. 9.877640. 

^-4. Required the logarithmic sine of 81° 20'. Ans. 9.995013. 
5. Required the logarithmic secant of 51° 40' 30". 

Ans. 10.207523. 
/6. Required the logarithmic tangent of 74° 21' 20". 
^ Ans. 10.552778. 

^^7. Required the logarithmic cosecant of 102° 24' 41". 

Ans. 10.010270. 
y 8. Required the logarithmic tangent of 1° 59' 51 ".8. 
^ Ans. 8.542587. 

y9. Required the angle of the logarithmic sine 9.999969. 
/ Ans. 89° 19'. 

J.0. Required the arc of the logarithmic tangent 9.645270. 

Ans. 23° 50' 17". 

11. Required the angle of the logarithmic cosine 9.598075. 

Ans. 66° 39'. 

12. Required the angle of the logarithmic cotangent 10.301470. 

Ans. 26° 32' 31". 
J. 13. Required the arc of the logarithmic sine 9.893410. 

Ans. 51° 28' 40". 

14. Required the angle of the logarithmic cosine 9.421157* 

^ji^^ /^ '7 / -. , ^ Ans. 105° 17' 29". 

15. Required the arc of the^dgarithmic tangent 9.692125. 

Ans. 26° 12' 20". 

16. Required the angle of the logarithmic cotangent 9.421901. 

Ans. 75° 12' 6". 
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SOLUTION OF PLANE TRIANGLES. 

108. The solution op triangles is the process by which, 
when the values of a sufficient number oi their elements are 
given, the values of the remaining elements are computed. 

The elements of every triangle are the three sides and the 
three angles. Three of these elements must be given, one of 
which must be a side, in order to solve a plane triangle. 

The solution of plane triangles depends upon the following 

FUNDAMENTAL PROPOSITIONa 

109. In a right-angled triangle^ the side opposite to an acute 
angle is^ equal to the product of the hgpothenuse into the sine of 
the angle ; and the side adjacent to an acute angle is equal to the 
product of the hypothenuse into the cosine of the angle. 

Let -4 J? (7 be a triangle having a right /jB 

angle at C\ then, by (1), 

8m-4=:^, smJ?=-Y-; . . ^ 

therefore j» = A6in-4, &=Asin^ (85) 

Agidn, by (4), cos-4 = -v^, cos-B=^; 

therefore ft = AcoSw4, p=ihco& B. (86) 

110. In a right-angled triangle^ the side opposite to an acute 
angle is equal to the product of the other side into the tangent of 
the angle ; and the side adjacent to an cunite angle is equal to the 
product of the other side into the cotangent of the angle. 
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For, by (2), tan ^ = ^ , 
therefore p=:b tan Ay 

Again, by (4), cot -4 = —, 



therefore 



h=p cot A, 



tan^=--, 
P 

b = p tan B. 
cot -5=|-, 
p=,h cot B. 



(87) 



(88) 




^^111. ^ an^ plane triangle, the sides are proportional to the 

sines of the opposite angles. 

B 
Let A B O he any triangle, in which 

the sides opposite the angles A, B, O, re- 
spectively, are denoted by a, ft, and c, e/ 
From one of the angles, as J?, draw BD 
perpendicular to the opposite side A O, 
and denote the line BBhj p> Then the A D 
right-angled triangles, CBB, ABB, give, by (85), 

^ = a sin C, p = c sia A; 
whence, a sin C=z c sin A, 

which gives the proportion 

a : c : : sin ^ : sin O, 
In like manner it may be proved that 

aibiiBUi A : sin Bj 

c :h : : Bin C : Bin B, 

and these three proportions give 

a : ft : c : : sin u4 : sin ^ : sin O, 

which may also be written 

a ft c 

ein A sin jB sin C' 



(89) 

(90) 
(91) 

(92) 
(93) 



The angle O was aciUe, but had it been ohtuse, or a right 
angle, the results would have been the same. The proposition, 
therefore, applies in every case. 
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^^112. In any plane triangle, the turn of any two tides is to their 
difference as the tangent of half the sum of the opposite angles is 
to the tangent of half their difference* 



For, by (90), 



a :h : : sin A : sin B% 



(94) 



whence (Geom., Prop. XIL Bk, II.), 

a-\-h I a — h : I sm A-\-%va BismA'—'tm Bf 

which may also be written, 

a-\-h t^n A -\-mrL B 

a — 6 mi A — sin^* 

But, by formula (66), 

sin ^ + sin B tan ^ (^ + B) * 

sin ^ — sin ^ tan J (^ — ii) ' 

or, as it may be written, 

a + i : a — ft : : tan J^ (^ + -B) : tan ^ (^ — ^. (95) 

113. In any triangle, the square of any side is equal to the sum 
of the squares of the two other sides, diminished by twice the 
rectangle of these sides multiplied by the cosine of the included 
angle. 

Let AB O he any plane triangle, in 
which the sides opposite the angles A, 
B, C, respectively, are denoted by a, h, 
c. Draw BD from one of the angles, B, 
perpendicular to the^ opposite side, A (7. 
Then, if -4 is acute, we have by Greom- 
etry (Prop. XH. Bk. IV.), 

a« = 5^ + c» — 2ft J[2); 

but from the right-angled triangle ABD, by (86), we have 

AD z=:z c cos A*, 

therefore, a* = ft'^- c* — 2 ft<? cos^. (96) 



Xf 
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When the angle A is obtuse^ the point D will 
fall on the other side of -4, and we have by Greom- 
etry (Prop. XIIL Bk. IV.), ^ 

But since BAD is now the supplement of D A V 
BA Gj by Art 77 we have 

^2> = c cos BAD = — c cos BA G = — c cos A. 

Substituting this value of AD, we have as before, 

c^^zl^-^-c"— 2 he cos A. 

When A is & right angle and a the hypothenuse, cos -4 is zero 
(30), and (96) becomes 

and thus the formula (96) is true, whatever the angle A may be. 
In like manner we have 

5? = a» + c« — 2 a c cos ^, (97) 

c' = a' + lr' — 2 ah cos a ^ (98) 

114. 7%e cosine of ant/ angle of a plane triangle is equal to the 
frajction whose numerator is the sum of the squares of the contain- 
ing sides, diminished by the square of the opposite side, and whose 
denominator is twice the product of the containing sides* 

For, by (96), a^ :=1^ •\- <^ — 2 he cos A, 

whence, cos ^ = — ^t_^ , (99) 

Similarly, from (97) and (98), we have 

cos jB = — 4 i cos C7 = — 4i — J. • (1^^) 

2 ac ' • 2 ab ^ ^ 

115. By these formulae the angles of a triangle can be found 
frhen the sides are given, but they cannot be conveniently ap- 
plied in computation by logarithms. 

We then subtract both members of formula (99) from 1, and 
obtain 

l-cos^ = l ^a6c > 
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and, substituting for 1 — cos J its value, 2 sin* ^ Ay by (80), 
we have 

^ 2 6c 2 6c 

_ (a + b-^c) (a^h + c) 

~ 2 be * 

Whence, sin» M == (<^ + ^ -c)Ja^b + c) ^ ^^^^^ 

Let now 2« = a + 6 + c, so that s is half the sum of the 
sides of the triangle; then 

a-^-b^c = 2 (« — c), a — 6 + c = 2 (s — h). 

Substituting these values in the preceding equation, and reduc- 
ing, we have 

(102) 



In like 


sin i A 
manner we may < 

sin^^ 


obtain 


-b) (,- 

b c 


-'\ 




^v/": 


-a), (s- 
a c 


9 



sm 



(103) 

i<^=/^^^l^' (104) 

That is, 

7%c sine of half of any angle in a plane triangle is equal to 
the square root of half the sum of the three sides less one of the 
adjacent sides, into half the sum less the other adjacent side^ 
divided by the rectangle of the two adjacent sides. 

116. If 1 be added to both sides of (99), then, substituting for 
1 + cos ^ its value, 2 cos* ^A^hy (81), we have 

2 cos* i -4 = 1 -I ^-7 = ^^ — ^-4 

^ •^ 26c 26c 

_ (5 + c + a)(6 + c-a) . 
~ 2 6c 

Whence, cos* i ^= (Mli+^^L+lZL^). (105) 

5 
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Let now s = half the sum of the sides of the triangle, as in 
Art 115 ; then, 

. i-|-c-|-a = 2<, h -\- c — a = 2 (s — a). 
Substituting these values in the preceding equation, we have 



Similarly, 



cos iA = y /il* -IL?) . (1 06) - 

y be 



cosiB= i /Z5EM, (107)__ 

V ac 

cos i 0= 4/i5H£). (108) 



That is. 

The cosine of half of any angle of a plane triangle is equal to 
the square root of half the sum of the three sides, into half the sum 
less the side opposite the angle, divided by the rectangle of the two 
adjacent sides, 

117. Dividing (102) by (106), (103) by (107), and (104) by 
(108), we have, by (13), 



(109) 



* y s(s — a) 

tan J J? = 4 Alri«)_(ir:^) ; (110) 

V « (* -- 6) 

tan i C = * /(^EfMlEi). (Ill) 

V «(« — c) 

That is, 

The tangent of half of any angle of a plane triangle is equal to 
the square root of half the sum of the three sides, less one of the ad" 
jacent sides, into half the sum less the other adjacent side, divided 
by half the sum, into half the surfi less the side opposite the angle. 

SOLUTION OF RIGHT-ANGLED TRIANGLES. 

118. In a right-angled triangle, the side opposite to the right 
angle is called the hypothenuse ; that adjacent to the right angle, 
and upon which the triangle is supposed to stand, is called the 
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b{ue ; and the other side adjacent to the right angle, the perperi' 
dicular. The base and perpendicular have been termed the sides 
about the right angle. Of the acute angles, that adjacent to tlie 
base has been termed the angle at the base, and the other the 
angle at the perpendicular. 

Thus, let AB C he any right-angled triangle, with the right 
angle at G, then h represents the hypothe- 
nuse, b the base, p the perpendicular, A the 
acute angle at the base, and B the acute 
angle at the perpendicular. 

119. In order to solve the triangle, two 
elements other than the right angle must be 
given, one of them being a side. Hence there will be four cases 
in which there may be given, respectively, 

I. The hypothenuse and an acute angle. 
II. A side about the right angle and an acute angle. 

III. The hypothenuse and a side about the right angle. 

IV. The two sides about the right angle. 

Case I. 

120. Given the hypothenuse €tnd an acute angle. 
Let there be given, in the right-angled 

triangle AB Gj the hypothenuse h and the 
acute angle A ; to find the angle By the per- 
pendicular j9, and the base h. 

To find B, The angle B is the comple- A 
ment of A (Art. 44) ; hence, 

^=90^— A 
To find p and h. By (85) and (86) we have 
/? = A sin -4 = A cos -5, 

J = Acos-4 = Asin-5; 
or, by logarithms, 

*log/) = log A -f- log sin -4 = log A -|- log cos By (112) 
log h = log A -j- log cos A = log A -|- log sin B (113) 
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That is, 

The logarithm of either tide about the right angle %$ equal 
to the logarithm of the hypoUienusey plus tlie logarithmic sine 
of the opposite anghj or plus the logarithmic cosine of the adja~ 
cent angle. 

Note 1. As the logarithmic sine and cosine are increased by 10 (Art 99), 
the resulting logarithm will be so much too great, and must be diminished by 
10. This increase by 10 will aflfect the work wherever the logarithms of trigo- 
xiometric functions are used. 

Note 2 The last figure of an answer may occasionally be found to differ 
from the one given in this work, when it has been obtained by the use of dif- 
ferent formulas or tables. The results are not, however, generally carried so 
far as to Admit of such a difference. When two methods of solving give dif- 
Terent results, that is inserted which is most accurate, whether obtained by the 
nsual method or not 

EXAMPLES. 

1. Given the hypothenuse of a right-angled triangle equal to 
1785.395 feet, and the angle at the base equal to 59^*87' 42''; 
^o solve the triangle. 

Solution. The angle at the perpendicular — 90"* — 59° 37' 42''' 
t= 30° 22' 1 8". Let, now, h = 1 785.395 feet and ^ = 59° 37' 42", 
and we have, hj (112) and (113), 

h = 1785.395 log 3.251734 log 3.251734 

4 = 59° 37' 42'' log sin 9.935892 log cos 9.703813 

p = 1540.37 log 3.187626 5=902.708 log 2.955547 

Ans. Angle at the perpendicular, 30° 22' 18" ; perpendicular, 
1540.37 feet ; base, 902.708 feet. 

2. Given the hypothenuse of a right-angled triangle equal to 
25 yards, and one of the acute angles equal to 54° 30' ; to solve 
the triangle. 

3. Given the hypothenuse of a right-angled triangle equal to 
173.2 feet, and one of the acute angles equal to 87° 2' 43"; re- 
quired the other parts. 

Ans. Angle, 52° 57' 17" ; sides, 104.34 feet and 138.24 feet. 
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Case IL 

121. Given a side about the right angle, and an acute angle. 
Let there be given (Fig. Art. 120) the side b and the angle 
A ; to solve the triangle. 

To find B. The angle B is the complement of A ; hence, 

^ = 90° — A. 
To find p. By (87) and (88), we have 
p = b tan A=:b cot Bi 
or, by logarithms, 

log p = log b -[- log tan A := log b -^ log cot B, (114) 
To find A. By means of (113), we obtain 

log A = log i — log cos A = log b — log sin B. (115) 

Given the side p and the angle A ; to solve the triangle. 
To find B. We have, as before, the angle By the complement 
of^or ^=90** — ^. 

To find b. By (87) and (88), we have 

b = p cot A=p tan B ; 
or, by logarithms, 

log i = log^ -f- log cot A = logp -\^ log tan B. (116) 
To find A. By means of (112), we obtain 

log A = log^ — log sin -4 = log p — log cos B, (117) 
That is, 

TTie logarithm of either side about the right angle is equal to the 
logarithm of the other, plus tJie logarithmic tangent of the angle 
opposite, or plus the logarithmic cotangent of the angle cuijcusent to 
the former. 

The logarithm of the hypothenuse is equal to the logarithm of 
either side about the right angle, minus the logarithvuic sine of the 
angle opposite, or minus the logarithmic cosine of the angle adja^ 
cent to the side. 

5* 
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EXAMPLES. 
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1. Given the side i of a right-angled triangle equal to 902.708 
feet, and the acute angle A equal to 59** 37' 42"; to solve the 
triangle. 

SohUdim. The angle ^ = 90** — 59^ 37' 42" = 30^ 22' 18". 
By (114) and (115), we have 

5 = 902.708 log 2.955547 log 2.955547 

A = 59** 37' 42" log tan 10.232078 ar. co. log cos 0.296187 

ji? = 1540.37 log 3.187625 A=1785.395 log 3.251734 

Ans. Angle B, 30** 22' 18"; perpendicular, 1540.37 feet; hy- 

pothenuse, 1785.395 feet. 

2. Given one of the sides about the right angle of a right- 
angled triangle equal to 1 4.52 rods, and the opposite angle equal 
to 35** 30'; to solve the triangle. 

3. Given the perpendicular of a right-angled triangle equal 
3555.4 yards, and the angle at the perpendicular equal to 

33** 30' 47"; to solve the triangle. 

Ans. Angle at the base, 56** 29' 13"; base, 2354.4 yards; 
hypothenuse, 4264.3 yards. 

Case III. 
122. Given the hypothenuse and a side about the right angle. 
Let there be given (Fig. Art. 120) the hypothenuse h and the 
side p ; to solve the triangle. 

To find A and B. By (1) and (4), we have 

sin -4 = cos Bz=z^ ; 
h 

or, by logarithms, 

log sin A = log cos ^ = log p — log h. (US) 

To find h. By (85) and (86), we have 

b = h cos A = h sin ^ ; 
or, by logarithms, 

log 6 = log A -f- log cos A = log h -\- log sin B. (119) 
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Also, by Geometry (Prop. XL Bk. IV.), we have 

A« = p«+i*; (120) 

whence, i*= A«— ^ = (A + p) (h—p). 



b=)/{h+p) (h—p); 
or, by logarithms, 

\ogb = i log {h +p) + i log (h—p). (121) 
That is. 

The logarithmic sine of one of the acute angles, or the log- 
arithmic cosine of the other, is equal to the logarithm of Ae 
side opposite the former angle^ minus the logarithm of the hg^ 
pothenuse. 

The logarithm of either side about the right angle is equal to 
the logarithm of the hgpothenuse, plus the logarithmic cosine of the 
angle adjacent, or pltis the logarithmic sine of the angle opposite. 

EXAMPLES. 

1. Given the hypothenuse of a right-angled triangle equal to 
1785.395 feet, and the perpendicular equal to 1540.37 ; to find 
the other parts. 

Solution. By (118) and (119), we have 
/>= 1540.37 log 3.187626 

h = 1785.395 ar. ca log 6.7482 66 log 3.251734 

i^ tZ f L' ?d[ ^^ ''" \ 9-935892 log cos A 9.703813 

P==30* 22' 18" log cos J ^ 

^ 6 = 902.708 log 2.955547 

Ans. Base, 902.708 feet; angle at the base, 59* 37' 42"; 
angle at the perpendicular, 30* 22' 18". 

2. Given the hjrpothenuse of a right-angled triangle equal to 
73 feet, and one of the sides equal to 55 feet; to solve the 
triangle. 

^ 3. Given the hypothenuse of a right-angled triangle equal to 
643.7 rods, and the base equal to 473.8 ; to find the perpendic- 
ular and the two acute angles. 

Ar3. Perpendicular, 435.73 rods ; acute angles, 42* 36' 12" 
47* 23' 48". 
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Cask IV. 

123. Given the two sides abotU the right angle* 
Let there be given (Fig. Art. 120) the sides jt) and h\ to solve 
the triangle. 

To find A and B, By (2) and (4), we have 

tan -4 = cot ^ = ^ ; 



or by logarithms, 

log tan ^ = log cot ^ = log /> — log 5. tl22) 

To find A. By (1), we have 

sin ^ = ™ , whence A = . . ; (123) 

li sin -4 ^ ^ 

or, by logarithms, 

log A = log j» — log sin ui ; (124) 

Also, by (120), 



h^z=.fJ^}^, whence h — y^f-^V. (125) 

That is. 

The logarithmic tangent of one of the acttte angles, or the loga- 
rithmic cotangent of the other, is eqwzl to the logarithm of the 
side opposite the former angle, mintis the logarithm of the side 
adjacent. 

The logarithm of the hypothenuse is equal to the logarithm of 
either sidcy mintis the logarithmic sine of the angle opposite the 
side, 

EXAMPLES. 

1. Given of a right-angled triangle the sidej» equal to 1540.37 
feet, and the side b equal to 902.708 feet ; to solve the triangle. 

Solution. By (122) and (124), we have 
p = 1540.37 log 3.187626 log 3.187626 

h = 902.708 ar. co. log 7.044453 

A = 59° 37' 42" log tan | ^^^g^o^ ^^ "^- ^^^ ^^^ ^_2:064108 
^=30° 22' 18" log cot I • ^^1735.395 1,^3.251734 

Ans. Hypothenuse, 1785.395 feet; acute angles, 59° 37' 42", 
30° 22' 18". 
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2. Given the perpendicular of a right-angled triangle equal to 
65 feet, and the base equal to 72 feet; to find the hjpothenuse 
and the two acute angles. 

^ 3. Given the perpendicular of a right-angled triangle equal to 

2.269 rods, and the base equal to 126.9 rods ; required the hj- 
pothenuse and the two acute angles. 

Ans. Hypothenuse, 126.92 rods; acute angles, l"" 1' 28^ 
88* 58' 32". 



SOLUTION OF OBLIQUE-ANGLED TRL^^GLES. 

124. Since there must be given three elements, one of which 
is a side (Art 108), there will be four cases, the data in them 
being, respectively, 

I. One side and anj two angles. 
II. Two sides and an angle opposite one of them* 
in. Two sides and the included angle. 
IV. The three sides. 

Case I. 

125. Given one side and two anght. 

Let there be given in the triangle AB Cj 
the side a, and the two angles A and B\ to 
solve the triangle. 

To find C, Since the sum of the three 
angles must be 180**, we have 

C7=180^ — (^ + ^. A 

To find h and c. By (90) and (89), we have 

o : & : : sin ^ : sin ^, 

a I c :: sin ui : sin C7; 

a nn C 




whence, 



T a Bin 5 

sin -4 ' 



fiin A 



or, by logarithms, 

log J = log a -}- log sin B — log sin Ay 
log c = log a -[- log sin (7 — log sin A, 



(126) 

(127) 
(128) 
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That is, 

The logarithm of the required side is equal to the logarithm of 
the given side, pltis the logarithmic sine of the angle opposite the re- 
quired side, minus the logarithmic sitie of the angle opposite the 
given side, 

EXAMPLES. 

1. Given of a triangle the side a equal to 9459.31 feet, the 
angle A equal to 71"* 3' 34", and the angle B equal to 53** 26'; 
to find the sides J, c, and the angle C. 

Solution. C= 180° — (71° 3' 34" + 53° 26') = 55° 30' 26". 
Then, by (127) and (128), we have 
a= 9459.31 log 3.975859 log 3.975859 

^ = 71°3'34" ar.co.logsin 0.024176 ar.co.logsin 0.024176 

^==53° 26' log sin 9.904804 

C7=55°30'26" log sin 9.916032 

6=8032.28 log 3.904839 c==8242.64 log 3.916067 

Ans. Angle G, 55° 30' 26"; side b, 8032.28 feet; side c, 
8242.64 feet 

2. Given one side of a triangle equal to 110 rods, the opposite 
angle equal to 50° 5', and an adjacent angle equal to 33° 55' ; to 
solve the triangle. 

3. Given one side of a triangle equal to 654 feet, one of the 
adjacent angles equal to 41° 0' 39", and the "other adjacent angle 
equal to 55° 34' 8" ; to find the other parts. 

Ans. Angle, 83° 25' 13" ; sides, 432 feet, 543 feet. 

Case II. 

126. driven two sides and an angle opposite one of them. 

Let there be given in any triangle, Q 

ABC, the two sides a, 5, and the angle 
A opposite to one of them ; to solve the ^^ 

triangle. 

To find B. By (90), we have £t^ 

a : 6 : : sin ^ : sin ^, 

whence, sin 5 = — -^ — , (129) 
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or, hj logarithms, 

log sin B= log h -j- log sin -4 — log a. (130) 

That is, 

The logarithmic sine of a required angle whose opposite tide 
is given, is equal to the logarithm of that side, plus the logo* 
rithmic sine of the given angle, minus the logarithm of its 
^posite side. 

To find a We have C= ISC'* — (A + B). 

To find c. By (128), after (7 is found, we have 

I log c = log a -j- log sin C — log sin A* 

A> /1 27. Whenever the given angle is acute, and the side opposite 
to it is less than the side adjacent to it, there may be formed, as 
shown in Geometry (Prob. XL Bk. V.), two triangles, each sat- 
isfying the jgiven conditions, and, therefore, there will be two so- 
lutions. Thus (Fig. Art. 126) with two given sides a, h, equal 
respectively to O B and A C, and the given acute angle A oppo- 
site the less side C B, there may always be formed two triangles, 
ABC, ABC, which have A, a, h in common, and the angles 
A B C, ABC supplements of each other. In one of them, there- 
fore, the required angle is acute, and in the other it is obtuse. 

When the given angle is obtuse, the required angle must of 
necessity be acute, since a triangle can have but one obtuse 
angle. 

When the ^ven angle is acute, and its opposite side is greater 
than the side opposite to the required angle, that must also be 
acute, since the greater angle must be opposite the greater** 
side. 

When the side opposite the given angle is exactly a perpendic- 
ular let fall from C on A B, the required angle is a right angle. 

If the side opposite the given angle be less than the perpendic- 
ular, the solution is impossible, since there will be no triangle with 
the given parts. 

When two values are admissible for B, in case of ambiguity, 
two corresponding values wiU exist for C and c. 
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EXAMPLES. 

1. Given of any triangle ABC, the side h equal to 216 yards^ 
the side a equal to 117 yards, and the angle opposite the side a 
equal to 22° 37' ; to solve the triangle. 

SoliUion. By (130), we have 

a = 117 ar. co. log sin 7.931814 

6=216 log 2.334454 

A = 22** 37' log sin 9.584968 

B = 45° 13' 55" or 134° 46' 5" log sin 9.851236 

^ + ^= 67° 50 55" or 157° 23' 5" 

^^==180° — 67° 50' 55"= 112° 9' 5", or 
0=z 180° — 157° 23' 5" = 22° 36' 55". 

Then, by (128), we have 
a = il7 log 2.068186 log 2.068186 

C=112° 9' 5" log sin 9.966700 or= 22° 36' 55"log sin 9.584943 
^=22°37'ar.co.log8i n0.415032 ar. co. log sin 0.41503 2 

c=281.785 log 2.449918 or = 116.99 log 2.068161 

Ans. Angle B, 45° 13' 55", or 134° 46' 5"; angle O, 112° 9' 5", 
or 22° 36' 55"; side c, 281.785 yd., or 116.99 yd. 

2. Given two sides of a triangle equal to 9459.31 feet and 
8032.28 feet, and the angle opposite the first side equal to 
71° 3' 34" ; to find the other parts. 

SoliUion, 
^ a = 9459,31 ar. co. log 6.024141 log 3.975859 

h = 8032.28 log 3.904839 

A = 71° 3' 84" log si n 9.975824 ar. co. log sin 0.024176 
5=53° 26' log sin 9.904804 

0= 180° -^ 124* ?9' 34" = 55° 30' 26" log sin^.916032 

c = 8242.64 log 3.916067 
Ans. gide, 8242.64 feet; angles, 53° 26', 55° 30' 26". 

8. Given two sides of a triangle equal to 80 rods and 142.6 
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Todsy and the angle opposite the second side equal to 96^ to 
solve the, triangle, 

4. Given in a triangle ABOy the side a equal to 82.1098 
rods, the side b equal to 125.701 rods, and the angle A equal to 
14° 48' ; to solve the triangle. 

Ans. Angle By W ; angle C, 75* 12'; side c, 121.581 rods. 

5. Given two sides of a triangle equal to 1540.37 feet and 
760.9 feet, and the angle opposite the second equal to SO"* 22' 8"; 
to find the other side and angles. Ans. Impossible. 

Case IIL 

128. Given two sides and the included angle. 

Let there be given in the triangle ABO B 

the sides a and h and the included angle Oy 
to solve the triangle. 

To find A and By we have 




A + B= 180* — Oy 

and A 6 

i(A + B) = dO'' — i C=z complement of ^ (7; 

whence, isn ^ (A + B) = 6ot i O. (131) 

Then, the half diflference of A and B is found by means of (95), 
which gives 

a -{- h : a — h :: tan i (A -{- B) z iaxii{A — B); 
whence, 

tan i (^ _ B) = H^* tan i (^ + 5) = ^ cot i C, (182) 

or, by logarithms, 

log tan i (A—B) = log (a— 5) — log (a-\-h) + log tan ^ (A+B) 
= log (a — b)— log (a + J) + log cot i G. (133) 

That is, 

77ie logarithmic tangent of hcdf the difference of the ttoo re- 
ared angles is equal to the logarithm of the difference of the 
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given sides, minus the logarithm of their sum, plus the hgarithmic 
tangent of half the sum of the required angles, or plus ike logon 
rithmic cotangent of half the given angle. 

Since ^ (^ -[" "^) ^ known, when ^ {A — B) is found, we 
' have 

^= i (^ + ^) — i (^ — ^). 

• That is, 

The GREATER of the two required angles is equal to half their 
sum, plus half their difference ; and the smaller angle is equal 
to half their sum, minus half their difference. 

To find c. By (128), we have 

log c = log a -j- log sin C — log sin A. 

EXAMPLES. 

1. Given of any triangle ABC,\kiQ side a equal to 9459.31 
feet, the side h equal to 8032.28 feet, and the included angle G 
equal to 55° 30 26''; to find the side c and the angles A and B. 

Solution. ^ 4- ^ = 180^ — (7 = 124** 29' 34", and 
I {A + B) — 62° 14' 47". Then, by (133), 

a + 5 = 17491.59 ar. co. log 5.757170 

o — 5 = 1427.03 log 3.154433 

J (-4 + ^ = 62° 14' 47" log tan 10.278844 

^{A — B) = 8° 48' 47" log tan 9.190447 

B — 53° 26' 

A = 71° 3' 34" ar. CO. log sin 0.024176 

C = 55° 30' 26" log sin 9.916032 

a = 9459.31 log 3.975859 

c = 8242.64 log 3.916067 

Ans. Side c, 8242.64 ft.; angle A, 71°3'34"; angle B, 53° 26'. 

2. Given two sides of a triangle equal to 142.6 feet and 110 
feet, and the included angle equal to 33° 55' ; to solve the tri- 
angle. 
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3. Given the two sides of a triangle equal to 153 rods and 
137 rods, and the included angle equal to 40** 33' 12"; to find 
the other parts. 

Ans. Side, 101.615 feet ; angles, 78** 13' V and 61^ 13' 47". 



(o^^^^^C^.i-^j.^ ;,.,'., , 



J 



J 






.84) 
135) 
136) 

tmof 
if" the 



vl06), 
^^~.„ — . V -*>nulaB 

(109), (110), and (111) for me u...fc^-. 

When the half angle is less than 45°, the table wiU aei^mjing 
it from its sine with greater precision than from the cosine, and 
eice versa when the half angle is greater than 45°. 



60 TBIGONOMETBY 

The method by the tangent of half the angle is precise, and 
requires the use of but four logarithms. 

Note. This case may also be solved by drawing a perpendicular from the 
vertex to the base of the triangle, thus dividing it into two right-angled tri- 
angles, of which the hypothenuses are known, and the sum of whose bases is 
the base of the original triangle. Let s and af represent CD and DA (Fig. Art. 
113), then (Geom., Prop. XI. Bk. IV.), 

;^ = c« — «'« = aa — «a, or, «« — i^^a* — c«, 
whence, (« + «') (« — if) = (a + c) (a — c). 

Substituting 6 for « + «♦, « — «• = (''±') ^i^zzl\ 

a form to which logarithms can be readily applied. 

Knowing s-\-if and s — s*, < and s' can at once be found, and thence the 
angles ^, C, and B, by Art. 122. 

EXAMPLES. 

1. Given of any triangle ABCj the side a equal to 216 
yards, the side h equal to 2 1 7 yards, and the side c equal to 235 
yards ; to find the angles -4, By and 01 

Solution. By (134), (135), and (136) we have 
a=216 ar. CO. log 7.665546 ar.co.log 7.6655 46 

h = 217 ar.co.log 7.663540 ar.co.log7.663540 

c = 23o ar. CO. log 7.628932 ar.co.log 7.628932 
«— a=118 log 2.071882 log 2.071882 

s—b=U7 log 2.068186 log 2.068186 

8—c=99 lo g 1.995635 log 1.995635 

2)19.356293 2) 19.361995 2) 19^469154 

log sines 9.678147 9.680998 9.734577 

J ^ = 28° 27' 47" ; J ^= 28° 40' 4".4 ; ^ (7 = 32° 52' 8".6. 
An.. A = 56° 55' 34"; ^=57° 20' 8".8 ; (7 = 65° 44' 17".2. 

2. Given the three sides of a triangle equal to 432, 543, and 
654 ; to solve the triangle by means of the cosine. 

3. Given the three sides of a triangle equal to 95.12, 162.34^ 
and 98 ; to solve the triangle by means of the tangent 

Ans. The angles, 32° 14' 53" ; 114° 24' 9" ; 33° 20' 58". 



BOOK IV. 

PRACTICAL APPLICATIONS. 

DETERMINATION OF HEIGHTS AND DISTANCES. 

131. A Horizontal Plane is one which is parallel to the 
horizon. 

A Vertical Plane is one which is perpendicular to a 
horizontal plane. 

A HoRicoNTAL Line is one which is parallel to the hori- 
zon. 

A Vertical Line is one which is perpendicular to a hori- 
zontal plane. 

132. A Horizontal Angle is one the plane of whose sides 
is horizontal. 

A Vertical Angle is one the plane of whose sides is 
vertical. 

An Angle op Elevation is a verti- d b 

eal angle having one side horizontal and 
the inclined side above it ; as the angle 
CAB. 

An Angle op Depression is a verti- 
cal angle having one side horizontal and 
the inclined side under it ; as the angle A~ 
DBA. 

133. To determine the height of a vertical object standing on a 
horizontal plane. 

Let B be the top of the object, and let it be required to find 

its height ^(7. 

6* 




C2 



TRIGONOMETRY. 




Measure from the foot of the object, in 
the horizontal plane, any convenient dis- 
tance, as A Gj as Si base line, and at A 
ob erve the angle of elevation GAB, 
Then, in the right-angled triangle AB G, 
we have known the side A G and the 
acute angle A ; therefore we can deter- 
mine the height B G by Art, 121. 

EXAMPLES. 

1. Standing on the edge of a moat 40 feet wide, I observe that 
the wall of a fort upon the opposite brink subtends an angle at 
the point of observation of SG** 52' 12"; required the height of 
the wall. Ans. 30 feet. 

^2. The angle of elevation of the top of a flag-staff, measured 
on a horizontal plane, at a distance of 89 feet from the foot of the 
staff, is 41"* 29' ; what is the height of the staff? 



being 




134. To find the distance of a vertical object, its height 
given. 

Let B G he the object whose height is 
(Tivon, and lot it be r(»quired to find the 
distance A G. 

Measure the angle of elevation GAB, 
or the angle of depression DBA^ which 
is equal to GAB, Then, in the right- 
angled triangle A B G, we have known 
the side B G and the angles ; therefore 
we can find the distance A G hy Art. 121. 

EXAMPLES, 

1. A tree 91 feet in height standi on the same horizontal plane 
with a dial, at which the angle of elevation subtended by the tree 
is 32° 21' ; required the distance of the dial from the foot of the 
tree. Ans. 143.6 feet 

^2, From the top of a house whose height is 30 feet, I observe 
that the angle of depression of an object standing on the same 
horizontal plane with the house is 36** 52' 12"; required the 
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distance of the object from the base of the house, and also the 
length of the line that will just connect the object with the top 
of the houie. 

135. To find the distance of an xnacceuiUe point on a hori- 
zontal plane. 

Xiet G be the point inaccessible 
from A and B, and let it be re- 
quired to find its distance from 
each of those points. 

Measure as a horizontal base 
line the distanoe between A and 
-Z?, and observe the horizontal an- 
gles GABvLudiGBA. Then, in 
the triangle A B G, there will be known the side A B and the 
angles ; therefore the sides A G and B G can be found by 
Art. 125. 

EXAMPLES. 

1. Wanting to know the distances of two objects from a tree, 
inaccessible by reason of an intervening river, I measured the 
distance in a straight line between the two objects, and found it 
to be 772.45 feet ; I also found the horizontal angles formed by 
the extremities of the straight line with the tree to be 80° 58' 4" 
and 43® 33' 44". Required the distances of the objects from the 
tree. Ans. The one, 926.01 feet ; the other, 646.16 feet 

^^2. Two ships are engaged in cannonading a fort by the sea- 
side ; the ships are 131.89 rods apart, and the two angles at the 
ends of the straight line connecting the ships formed by that line 
and lines drawn to the fort, are 18** 52' 18" and 152° 11' 42". 
Required the distance of each ship from the fort 

^^ 136. To find the height of an inaccessible ohject above a hori* 
zontal plane. 

First Method. Let B be the top of the object, and let it be 
required to find the height B G. 

Measure a horizontal base line, A O, of any convenient 
length, directly toward the object, and observe the angles of 
elevation at ^ and C^. Tlien, in the triangle ABOy since 
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BOA is the supplement of COB, we have known the 
side A O and all the angles ; therefore we can find the side 
^^by Art 125. Then, in the 
right-angled triangle ABOyWe 
have known the hypothenuse 
A B and the angles ; there- 
fore we can find the height BG 
by Art 120. 

EXAMPLES. 

1. Required the altitude of a hill whose angle of elevation, 
taken at the foot of it, was 55° 54', and 300 foot back, on the 
same horizontal plane with the foot, the angle was 33° 20'. 

Ans. .355.71 feet 
^2. Two observers at sea, 800 yards apart, noticed at the same 
instant a meteor bearing due east from each ; to the one its angle 
of elevation was 57°, and to the other the same angle was 31° 
28'. Required the altitude of the meteor above the horizontal 
plane of the ships. 

Second Method. Let B be the 
top of the object, and let it be re- 
quired to find the height BG. Now, 
suppose it is not convenient to meas- 
ure a horizontal base line directly 
toward the object, and we measure 
it in any direction, A B, also meas- 
uring the angles GAB and GBA. Then, in the horizontal 
triangle AB G, we know the side A B and all the angles ; there- 
fore the side A (7 can be found by Art 125. Then, also, by ob- 
serving the angle of elevation G A B, we shall, in the right-angled 
triangle AB G, know the side A G and all the angles ; therefore 
the height B G can be found by Art 121. 

EXAMPLE. 

..^1. A person on one side of a river observed an eagle's nest on 
an inaccessible mountain-crag on the opposite side, and being de- 
sirous of ascertaining its height above the level of the river, he 
measured along the shore a straight line 110 yards in length, and 
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found the horizontal angles of its extremities with the object to 
be 33** 55' and 96°, and also the angle of elevation at the latter 
to be 45°. Required the height of the nest above the water. 

Ans. 240 feet 

137. To find the distance between two obfects separated by an 
impassable barrier. 

Let A and B be two objects separated by ^■BM^^ 
an impassable barrier, and let it be required \^^^^f/ 
to find the distance, A B, between them. 

Take any point, Cj from which A and B are 
both visible and accessible. Measure CA 
and CB, and also note the angle A CB C 

Then, since in the triangle ABC the two sides CA and CBy 
with their included angle, are known, the distance A B can be 
found by Art. 128. 

EXAMPLES. ^ 

^^1. Two bounds of a lot have between them an impassable mo- 
rass, and, wishing to find tlieir distance apart, I have taken their 
distances from a third point, which could be seen from each. 
These distances are 124.75 and 171.41 rods, and the angle at 
that point subtended by the bounds is 99° 25^ How far are 
the bounds apart? Ans. 227.91 rods* 

2. The distance between two trees cannot be directly meas- 
ured, in consequence of an intervening obstacle, but within sight 
of each is a third tree, and their distances from this are known 
to be 274.^ and 396.11 yards, and the angle at that point sub- 
tended by the two trees is 8° 56' 5". Required the distance 
between the two trees. 

138. To find the distance between 
two inaccessible objects. 

Let C and D be the objects, and 
A and B two accessible points, from 
which both the objects are visible. 
Measure the base line A B, and 
observe the angles BAB, DBA, 
CA B, and CBA, Then, in the 
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triangle DAB^ since we have the side A B and all the angles, wo 
can find the side B D hy Art. 125. In the triangle AB C we 
have the side A B and all the angles, hence we can find B G. 
Then, B D and B G being found, we have in the triangle BG D 
the sides BD and B C, with their included angle ; therefore we 
can find the distance GDhj Art. 128. 

EXAMPLE. 

1. Wanting to ascertain the distance between a tree, 2), and a 
flagstaff, G, on the opposite side of a river from me, I measured 
along the shore, on the horizontal plane with the objects, a base 
line, -4 -5, of 110 yards. At A, the angle DAB equals 96°, and 
GAB equals 29° 56' ; at B, the angle DBA equals 33° 55', 
and G B A equals 133° 50'. Required the distance between the 
tree and the flagstaff. Ans. 261.81 yards. 

139. To find the^ distances from a given pointy of three objects 
whose distances from each other are hnoum. 

Let it be required to find the dis- 
tances from Dj a given point, of three 
objects. Ay B, and C, whose distances 
from each other are known. 

Observe the angles A D G and 
BDG. Describe a circle about the tri- 
angle AD By and draw A E and EB ; 
then the angle A B Eh equal to the 
angle AD E, since both are measured 
by half of the same arc A E (Geom., 
Prop. XVIII. Bk. ni.) ; also the an- 
gle B A E is equal to the angle B D E, for a like reason. 
Now, ia the triangle A E By the side A B and all the angles are 
known, hence the side A E may be found by Art 125. Again, 
the sides of the triangle AB G being given, we may find the an- 
gle J? -4 (7 by Art 129 ; then, in the triangle A E (7, there will 
be known the two sides A GyAEy and the included angle GAEy 
BO that the angle AGE may be found by Art 128. -Then, in 
the triangle A G Dy we shall know the eide A G and the angles 
A G D and A D G; therefore we can find the distance A D 




BOOK IV. 



6T 



by Art 125, and thence the other two distances, CD and 
BD. 

EXAMPLE. 

On approaching a harbor, at the point D, I observed three 
"headlands, A, B, and C. Now it appeared from a chart that the 
distance from A to B was 800 yards, fit)m Ato O 600 yards, and 
fiom B to C 400 yards ; the angle ADC 1 found by obser- 
vation W be 33° 45', and the angle 5 2>C to be 22** 30'. What 
was the distance of each of the headlands from, me? 

Ans. ^ 710.19 yards; j5, 934.29 yards ; C, 1042.52 yards. 



DETERMINATION OF AREAS. 

140. The Area of any figure, or its quantity of surface, is de- 
ermined by the number of times the given surface contains some 

other area, assumed as the unit of measure^ as a square t ncA, a 
square foot, &c. 

The areas of parallelograms, triangles, trapezoids, &c can be de- 
termined by direct application of the principles of Greometry ; but 
sometimes it is convenient to determine areas, especially of trian- 
gles, by means of their lines and angles, which requires the aid of 
Trigonometry. 

141. To find Vie area of a triangle hg means of two of its sides 
and the included angle. 

Let A B Che any plane triangle, in 
which are given the sides h and c and the 
included angle A, to find the area of the 
triangle. Draw the perpendicular, p, from 
B to the opposite side, A C; then, since 
the area of the triangle is equal to half 
the product of its base by its altitude 
(Geom., Prop YL Bk. IV.), 

area of ^5 C=ihp. 

But, by (85), j9 = c sin A*; 




(137) 



whence, 



area A B C=^ b c em A^ 



(138) 
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or, bj logaHthm^j 

Jog area A B C= log ^ i + log c4- log sin A. (139) 

That \^ 

The logarithm of the area of a triangh %s eqii^ to the hgariUtjn 
of half of niker ^itk, plus the hgarlthm of dOitr oftliS otimr sides^ 
plus the loguriOtmic sirie oftJieir included amjh, 

!• Bequire^l tlio area of a trinngle whif!h hafi two of jU Fides 
equal io 105 and 85 feet, and tlie iiicltidBd angle equal to 2^'^ ^*. 

Ans. 2100 sq. ftj 

142- In like manner, the area of any paralUhgram may be 
found T wlien I wo of its adjacent Bidea and the included angle are 
iuiown ; for tlie diagonal divider a pariillidoip-aoi into two equal 
triangles (Geom., Prop- XXXI, Cm\ 1, Bk. I.). 

EXAMPLE. 

1. WLat is the wea of a piece of ground, in the form of a 
parnlklogratn, wliieh baa two adjacent sides equal, re^pecHvely, 
to 120 and 212 rods, and tbeir ineludecl angle equal to 85° 30'? 

143- To^thI the area of a triangle hy means of a side €md ifie 
angles. 

In the triangle ABO (Fig- Art 141), let the side e and the 
angles be given, to find the area of tiie triangle. By means of 
Art 111 we have 

and by (85) pi^^a buiA. 

Substituting these valuers in (137), we obtain 

P A 77 /y c* sin .4 sin B , /jaw 

area of ABv^^^ — „— . ^, - » (141 >__ 

3 Bin C \ nf - 

or, by logarithms, 

log 2 area ABG^=z 2 logc-|-log ain ^-|-log sin B — log sin €. (142) 

That is, 

T!ie logaritJmi of double the area of a triangle is equal to twice 
the logarithm of either side, plus the logarithmic ^ints of its adjot^ 
cmd angfle.Sf fninus the lo^arithfriic sins of its opposite angle. 
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BXAMPLICS. 

1. A triangular lot has a side eqaal to 45 rods,«eiid the adja* 
cent angles equal to 70^ and 69^ 4^ ; required the area of the 
lot. Ans. 1378.41 sq. rods. 

2. Given of a triangular field ABG, the angle A equal to 
3V 27', the angle B equal to 101"* 31', and the included side 
A JS equal to 30 rods ; required the area of the field. 

144. Tofnd the area of a tricmgle hy means of its three tides. 

Let ABC (Fig. Art 141) be the given triangle. Then, bj 

(138), 

area of u4 J5 C = ^ 5 c sin -4 ; 

but, bj taking twice the product of the values of sin ^ ^ and 
cos i Ay in (102) and (106), we have, by (74), 

smA = ^^)/8{s — a) {s — b) (« — c), (143) 

in which s denotes half the sum of the sides of the triangle. 

Substituting in the preceding equation this value of sin A, we 
obtain 



are&of ABC =ihc X r- )/s (s — a) {s — b) (« — c) ; 



whence, area of ABC = ^8 (s — a) {s — b) (s — c) ; (1 44)-- 
or, by logarithms, 

log area J^a=^^g^+^^^^"^>+^^^^^^^>+^^-^^=^>. (145) 

That is. 

The logarithm of the area of a triangle is equal to half the sum 
of the logarithm of half the sum of tfie sides and the logarithms 
of the remainders obtained by taking each side separately from 
half the sum of the sides, 

EXAMPLES. 

1. Given the three sides of a triangle equal to 30, 40, and 60 
rods, respectively ; required the area of the triangle. 

Ans. 533.27 sq. rods. 

2. A certain fort is in the form of an equilateral triangle^ 

whose sides are each 600 feet ; required the area occupied by 

the fort 

7 
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MISCELLANEOUS PROBLEMS. 

1. The angle of elevation of a vertical tower is observed to be 
80^y at the end of a horizontal base line of 100 yards, measured 
from its foot Bequired the height of the tower. 

2. A rope-dancer wishes to ascend a steeple 100 feet high, by 
means of a rope 196 feet long. If he can do so, find at what 
inclination he mast be able to walk up the rope. 

3. From the summit of a pier which rises 100 feet above the 
margin of a river, the angle of depression of the opposite margin 
was found to be 33° 16'. Required the width of the river. 

4. If the distance of the moon from the earth be taken at 
238500 miles, and the angle subtended by the semidiameter of 
the moon be 15' 33".5 at that distance, what is the moon's diam- 
eter? Ans. 2158 miles. 

5. A point of. land was observed by a ship at sea to bear east 
by south, that is, 11° 15' S. of E. ; and after sailing northeast 
12 miles, it was found to bear southeast by east, that is, 33° 45' 
S. of E. Bequired the distance of the headland from the ship at 
the last observation. Ans. 26.07 miles. 

6. From the top of Mont Blanc, 3 miles high, the angle of 
depression of the remotest visible point of the earth's surface is 
2° 13' 27". Bequired the diameter of the earth, supposing it to 
be a perfect sphere ; and, also, the utmost distance from which 
the mountain is visible. 

Ans. Diameter, 7958 miles ; distance, 154.5 miles. 

7. A side of the base of a square pyramid is 200 feet, and 
each edge is 150 feet ; required the slope of each face. 

Ans. 26° 34', nearly. 

8. I have a meadow in the form of a parallelogram, whose 
two adjacent sides are 20 rods and 18 rods, including an angle 
of 78° 9' ; the same has been divided into two equal lots by a 
fence running diagonally. Bequired the area of each lot 

Ans. 176.16 square rods. . 

9. A traveler wishing to know the distance and height of a 
mountain-top over which he had to pass, took the angle of its 
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elevation at two stations, in a direct line towards it, the one 3 
miles, or 5280 yards, nearer the mountain than the other, and 
found the angles to be 2"" 45' and S"* 20". Required the hori- 
zontal distance of the mountain-top from the nearer station, and 
its height. Ans« Distance, 24840 yards; height, 1447 yards. 

10. From the top of a light-house the angle oi depression of 
a ship at anchor was observed to be 4^ 52', from the bottom of 
the light-house the angle was 4^ 2'. Required the horizootal 
distance of the vessel, and the height of the hill on which the 
light-house is placed, the height of the light-house being 60 feet. 

Ans. Horizontal distance, 4100.4 feet ; height, 289.12 feet 

11. When a tower 150 feet high throws a shadow 75 feet long 
upon the horizontal plane on which the tower stands, what is the 
sun's altitude (Art. 189) ? Ans. 63** 26' 6". 

12. The sides of a triangle are equal to 3 and 12, respectively, 
and the included angle is 30^ ; find the hypothenuse of an equal 
right-angled isosceles triangle. Ans. 6. 

13. From a window near the bottom of a house, which seemed 
to be on a level with the bottom of a steeple, I took the angle of 
elevation of the top of the steeple, equal to 40^; then from another 
window, 18 feet direcUy above the former, the like angle was 
37° 30'. Required the height and distance of the steeple. 

Ans. Height, 210.4 feet; distance, 250.8 feet 
^ 14. Two pulleys, whose diameters aro 6 inches and 4 feet 3 
inches, respectively, aro placed at a distance of 3 feet 6 inches 
from centre to centre. What must be the length of a belt which 
shall connect them, by passing around their cireumferences, with- 
out crossing ? Ans. 15 feet 5.9 inches. 

15. A tower is surrounded by a circular moat At noon on a 
certain day,, the shadow of the top of the flag-staff is observed to 
project 45 feet beyond the edge of the moat When the sun is 
due west, on the same day, the shadow projects 120 feet beyond 
the moat The distance between the extremities of the shadows 
is 375 feet The angle of elevation of the top of the flag-staff 
from any point of the edge of the moat is 60°. Find the height 
of the tower, and the altitude of the sun at noon. 

Ans. 311.77 feet ; 54° 10' 57". 



BOOK V, 
SPHERICAL TRIGONOMETRY. 

DEFINITIONS. 

145. Spherical Trigonometry treats of methods of com- 
puting spherical triangles. 

146. A SPHERICAL TRIANGLE is a portion of the surface of a 
sphere bounded hj three arcs of a great circle, each of which is 
less than a semi-circumference. 

The three planes in which the arcs lie form a polyedral angle 
at the centre of the sphere. 

The ANGLES of a spherical triangle are the diedral angles 
made by the plane faces which form the polyedral angle. 

147. The sides and angles of spherical triangles are usually 
both expressed in degrees, minutes, &c. 

The circumference, however, is sometimes supposed to be 
divided into 24 equal parts, called hours; each hour into 60 equal 
parts, called miniUes of time ; each minute into 60 equal parts, 
called seconds of time. Then a side is expressed by* the number 
of houi^s, minutes, seconds, and decimal parts of a second, which 
it contains. 

Hours, minutes, and seconds are denoted by h^ m., and s. 
Thus, 3h. 35m. 5.8s. 

RELATIONS BETWEEN THE SIDES AND ANGLES OF 
SPHERICAL TRIANGLES. 

148. In any spherical trian^, the sines of the sides are pror 
portional to the sines of the opposite angles. 
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Let A B C h2 any spherical 
triangle ; A^ B, and G the angles 
opposite to its sides a, b, and e, 
respectively; and the centre of 
the sphere. 

Take any point ^ in 0-^ 
and draw B D perpendicular to 
the plane A C\ from D draw 

D A', D G\ perpendicular to Aj C, respectively ; join 
B'A', B C. 

B C la & right angle (Geo^^ Prop. VL Bk. VII.) ; 
therefore, 

B C'= OB emB C* = OB sin a, 
and 

BD = BO' ^mB C'D = B C hva C = B sin a shi C. 

In like manner, 

B D'=, B sine sin^i; 

and, by the two preceding equations, 

OB sin a sin C =• B sin c sin A^ 

""^^"^ . £7=S4' (**^) 

or, in the form of a proportion, 

sin a : sin c : : sin ^ : sin C7. (^^7) 

In a similar way it may be proved that 

sin a : sin ft : : sin ^ : sin ^ (I^B) 

sin c : sin ft : : sin (7 : sin B C^^^) 

The figure supposes a, c, B, (7, &c. each less than 90®, but the 
relation stated may be shown i<9 hold when the figure is modified 
to meet any case whatever. For instance, if G alone is greater 
than 90°, the point D will fall beyond (7, instead of between 
OG and 0A\ then, BOD will be the supplement of (7, and 
thus, since the sine of an angle and its supplement are the same, 
the sine of B' OD is still equal to the sine of G. 
7* 
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149. In (my spherical triangleythe cosine of any side is equal 
to the product of the cosines of the other two sides, plus the product 
of the sines of those two sides into the cosine of their included 
angle. 

Let ABO he any spherical tri- 
angle, the centre of the sphere. 

Draw the plane B' A! O per- 
pendicular to A, Then the an- 
gle B'A'O is equal to the angle 
A, the angle B' OO measures 
the side a, and in the triangles 
A' B'O.OBO we have, by Art 113, 




B' G' — A' B' + A' (?— 2A'B'XA' a cos A, 



B' V = OB'-\-0 C — 2 OB'X OC coaa. 
Subtracting the first equation from the second, observing that 



OB' — A' B' and O — A' C are each equal to A', since 
the triangles OA'B', A' O are right-angled at A\ we have 

= 2 WA -\-2 A' B X A' (7 cos J[ — 2 ^ X 0^ cos a; 



OA^XOA' , A^BXA'O 



therefore, cos a = o-BTyCO^C' + O^X^^C^ 



cos A, 



Substituting the functions derived from the triangles A' By 
A' Oy we have 

cos a = COS 5 COS. c -f- sin* J sin c cos A. (1^^) 

In like manner may be deduced 

cos J=: cos c cos a -|-,sin c sin a cos By (1^1) 

cos c = cos a cos J -[* sin a sin h cos O, (^^2) 

The preceding construction supposes the sides h and c, which 
contain the angle Ay to be both les^j than 90°, but the formulas 
obtained may be shown to be applicable in all cases. 
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150. In ang tpherical trian^, the cotine of any angh is 
equal to the product of the sines of the other two an/gUs into the 
cosine of their included side, minus 
the product of the cosines of those 
two angles. 

Let A'BC be the polar triangle 
of A B C; denote its angles bjr A'y 
Bfy and O, and its sides by «', ft', 
and c*. Then (GreouL, Prop. IX. ki[ 
Bk. IX.), 

^'=180^—0, ^=180** — ft, = \W—e\ 
d=\^(f—A, ft'=180*— j; c'=180*— a 
Applying (150) to A'BOy we have 

cos flK = cos ft' cos c' -|- sin ft' sin tf' ooe ji' ; 
or, by (46), — cos -4==cos -Bcos C — sin J5sin Ccos a; 
whence, cos -4 = 8in J? sin (7 cos a — cos j^cos C. (158) 

In like manner may be deduced 

cos J?=8in C sin A coe ft — coe (7 cos Ay (^^4) 

c(^ (7= sin A sin B cos e — cos A cos B (^^^) 

151. In any spherical triangle^ the cotangent of one side, into 
the sine of another side is equal to the cotangent of the angle op- 
posite the first side into the sine of the included angle, plus the 
cosine of the^second side into the cosine of the included angle. 

By (150) and (152) we have 

cos a = cos ft cos c -|- sin ft sin c cos A, 
cos c = cos a cos ft -|- shi a sin ft cos O; 

and by means of (147), 

sin C 



sin c = sm a 



sin A' 



Substituting these values of cos c and sin e in the first equation, 
we obtain 
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, T I . . « •vx 7 1 Bin a Bin 5 COS u4 sin C 
cos a = (cos a cos 5 -|-B^^^^^^^^^) coso-| ; — r— -r ; 

or, 

cosa = cosa cos'ft -f- sina sin ft cos ft cos C-|- sin a sinft cot-4 sin O. 

Thw^fore,. transposing cosacos^ft, and observing that, by (11), 

cos a — cos a cos* ft = cos a sin* ft, 
we have 

cos a sin* ft = sin a sin ft cot -4 sin C -|- sin a sin ft cos ft cos G^ 

and dividing the whole by sin a sin ft, we obtain 

cot a sin ft = cot u4 sin (7 -|- cos ^ cos CI (1^6) 

152. By interchanging the letters in (156), we obtain 

cot d sin c = cot ^ sin B -f- cos e cos JB, (1^7) 

cot ft sin a = cot B sin (7-f- cos a cos (7, (1^8) 

cot ft sin c = cot -5 sin -4 -j- cos c cos -4, (1^9) 

cot c sin a = cot O sin -B -f~ cos « cos ^ (16^) 

cot c sin ft = cot (7 sin -4 -j- cos ft cos A, (1^1) 

153. The formuloB developed in the preceding articles are 
general, and apply to every case of spherical triangles, but re- 
quire some transformations to render them more convenient for 
logarithmic computations. 

The formulae (150), (151), and (152) of Art 149 are consid- 
•ered the fundamental formulce of spherical trigonometry, since 
from them all its other formulae may be deduced. 

154. To express the sine, cosine, and tangent of half an angle 
of a triangle as functions of the sides. 

By means <^ (150) we have 

J cos a — cos ft cos c ,- ^c%\ 

COS A = . , . , (162) 

sin 6 sin c ' ^ ' 

but this formula is not suited to logarithmic computation. 

We then subtract each member of the equation from 1, and 

obtain (Art. 63), 

- J - cos a — cos ft cos <? cos f ft — c) — cos a 

1 — cosul = 1 . . . •;= ^ . ■ ^. . 

sm sin c sm ft sin c 
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Substituting for 1 — cos ^ its value, 2 sin' ^ A (80), we obtaia 

* 8in 6 Sin c 

Now if, in (65), we make ^4 = a, and B =. h — c, 

i(J + ^ = i(« + J-c), i(^-^ = i(a-i + c), 

then, 

COS (J — c) — cos a = 2 sin J (a + 6 — e) sin ^ (a — ^ + <?), 

which, substituted in the preceding equation, gives 

Hin« a J = «ini(a-6 + c)jrini(a-|-ft-c) 

' 8111 6 Sin c ^ ^ 

Let, now, # = half the sum of the sides of the triangle ; then, 

a + 6 — c = 2 (« — c), a--3 + c = 2 (« — ft). 

Substituting these values in the last equation, and reducing, we 
have 



• 1 A Ism (s — 6)8in(# — c) /lujx 

sin A u4 = 4 / — ^ — . . . ^ -. (164) 

^ y amdamc ^' 

Similarly, rin i ^ = . y^SEfTS^SEf), (i65) 

. . •v /sin (s — a) sin (* — b) ,, ^^. 

sm i (7 = 4/ — ^= — - — — r '' (166) 

^ y sinasmd ^ ' 

Adding each member of equation (162) to 1, and observing that 
1 + cos -4 = 2 cos' ^ A (81), by means of (65), we have 

9 . J sin 4 (a 4- 6 + c) sin 4 (6 + c — a) 

cos' X A = — ^-^^ — ' ~-r-.— -^^ — ' -* 

^ sin 6 sin c 

Introducing # = ^ (a -|- 5 -|- c), and reducing, we have 



t J /sin 8 sin (s — a) •, ^f»\ 

eoaiA = A/ ^-^A ^. (167) 

* y sin 6 sin c ^ ' 

Similarly, ois J J5 = 4 /^i^^ES', (168) 

•'' ^ y Sin c Sin a ' ^ ^ 

COS J (7 = . /^4^J^. (169) 

* ytmasino 
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Again, dividing (164), (165), and (166) bj (167), (168), and 
/'\69), respectively, we obtain 



tan i ^ = AjMjLz^) rin(«-c) 

* Y sin « sin (jf — a) \ -^ 

(171) 
(172) 



tan 



- „ /'siu {s — c) mn (» — a) 

^ y 8in«8in(9 — h) ' 



tap i (7 = /gg_ (»-a)rin(.-i) 
^ * y sin jT sin (« — c) 

155. To expreu the sine,, cosine, and tangent of half a side 
of a triangle as functions of the angles. 
By means of (153) we have 

cos a = u ' n — • (173) 

sin iJ sin C ^ ^ 

Whence, * 

- - COS -4 -[- cos -B cos C cos -4 -|~ ^^^'s (-^ "h ^) 

Sin ^ Sin C sin ^ sin C ' 

and 

sin«^a = -*^^(-^+^+^„''"'n^+^— *>. (174) 
•* Sin ^ Sin C > -^ 

Making ^ {A-\- B'\- G) z=z S, substituting, and reducing, we 
have 



Also, 



V sin 5 sin C 

sin i 5 = . /—cos S cos (S^B) 

V sin C sin u4 ' 

fiin ^ /> ^ 1 /"T'^ c os (6-— C) 
y sin^ sin^ 

In like manner, we obtain 

; ^ ^ = J ^^JS'- ^) cos ( ^- O , 
V sin ^ sin C 



(175) 



COS 



^os ^ ft 






co3(5— C)cos(5— ui) 



sin C sin A 



cos i c = /cos (5 ~ ^) cos (^^^) 
sin ^ sin ^ 



(176^ 
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Hence, 



tan J a = . / -cos gc pg (S-^) 
tan i 6 = / ^^^rs-^iS-B) - 
tan i c = Jj^°L^^ («.- O 



(177) 



Since ^S" is always greater than 90^ and less than 270^ (GreonLy 
Prop. X. Bk. IX.}, cos S is always negative, and therefore 
— cos aS' in the numerators of the first and third of the above 
Bets of formulae is essentially positive. 



156. To prove Napier^ 9 Analogs. 

sin -4 sin J5 

sin a 



Let 
then, 



sin b ' 
sin u4 = m sin d, sin ^ = m sin ^ 
sm ^ -|~ ^'^ -^ = ''^ (s"^ a -}- sin 5), 0^8) 

sin ^ — sin ^= m (sin a — sin b), (179) 

By (153) and (154) we have 
cos -4 -}- cos B COS C = sin -B sin (7 cos a = m sin (7 cos a sin ft, 
cos -B -|- cos -4 cos (7= sin -4 sin (7 cos ft = m sin C7 sin a cos ft. 
Adding these equations, factoring, and reducing by (17), 
(cos A-\- cosB) (1 -|- cos 0) = m sin (7 sin (a -f- ^)- 
Dividing (178) by (180), and multiplying by sin C, 



(180) 



sin ^ -}- ffln £ 



X 



sin C 



sin a -|~ sin ft 



coaA'\'C08Bl-\-cosC sin (a -[- ft) 
Now, by means of (62), (63), and (74), we obtain 

sin a -|~ sin ft cos ^ (a — ft) 

sin (a -f- ft) cos i (a -[- ft) ' 



(181) 



(182) 
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, sin a — sin & sin 1 (a — b) ,- o„v 

sin (a -f- b) sin i (a -j- 6) ^ ^ 

Substituting in (181) the value of each expression, from (68), 
(84), and (182), 



COQ^ (a+_b) cot^ C 

cos i (a — 6) ~ tan i (^ +B) * 

In like manner, fix>m (179) and (180), 

sin -4 — sin -B sin C sin a — sin ft 

cosX+cosS ^ 1 4- cos C sin (a + 6y ' 

whence, by (69), (84), and (183), 

or, 

sin J (a -|- 5) cot J C 

sin i (a — b) tani(^— 5)* 



(184) 



(185) 



Formulae (184) and (185) may be thus expressed : 
cos J (a4- ft) :cos i(a—h) iicot^ (7: tan ^ (^ + J5), (186), 

sin i (a+ ft) : sin J (a — ft) :: cot J (7: tan J (^ — ^. (187) 

That is, 

!Phe cosine qfhcd/the sum of two sides of a spherical triangle 
is, to the cosine of half their difference as the cotangent of half the 
incited fmgh is to the tangent of half the sum of the other two 
angles. 

The sine of half the sum of two sides of a spherical triangle is 
to the sine of half their difference as the cotangent of half the in^ 
eluded angle is to the tangent of half the difference of the other 
two angles. 

By applying (186) and (187) to the polar triangle. Art. 150, 
^e obtain 
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cosm-^B) :co5i(A — B) : : tan^ c : tan J (a + 5), (188) 
Bin i (^ + -5) : sin i (A — B) : .- tan J c : tan i (a — 5). (189) 

Tbatis, 

The cosine of half the sum of two angles of a spherical triangle 
is to the cosine of half their difference as the tangent of half the 
included side is to the tangent of half the sum of the other two 
sides. 

The sine of half the sum of two angles of a spherical triangle is 
to the sine of half their difference as the tangent of half the in* 
eluded side is to the tangent of half the difference of the other two 
sides. 

The above four proportions are called, from their inventor, 
Napi&i^s Analogies. 

BELATIONS fiETWEEN THE SIDES AND ANGLES OP 
BIGHT-ANGLED SPHERICAL TRIANGLE8. 

157. The sine of either oUique angle is equal to the sine of the 
opposite side, divided hy the sine of the hypothenuse. 

Let AB Ghe anj spherical trian- B 

gle, right-angled at (7. 

B7 means of (146) we have 

sm -4 = —-i sin Gx 
sin h 

but, as (7= 90% sin (7 = 1, and 
In like manner, 



A Sin p 

sm ^ = -r-^. 

sin h 




158. The cosine of either ohlique angle is equal to tk^ tangent 
of the adjacerU side, divided hy the tangent of the hypothfinuse. 
By means of (161) we have 

cot A sin 5 = cot (7 sin ^ -|- cos h cos A * 

but, if a= 90% then cot (7= 0, and 
8 
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cot h sinb z= 


: COS 5 COS 


A, 


J cot A sin 


b 

— z — cot h ***'* " - 


006 b 






COS -4 = 


iAnb 
"tanV 




COsBzzz 


iaxtp 
tan A* 





irhence, cos -4 = ^^^^^ (1^2) 

Also, hj means of (160), 

(193) 

159. The tangent of either oUique angle is equal to the tangent 
of the opposite side^ divided hy the sine of the (jtdjacent side. 

By means of (156) we have 

cot /I sin 5 = cot -4 sin (7 -J- cos b cos (7; 
but, by making C7= 90**, sin 0=. 1, cos C=r= 0, and 

cot ^ = cot p sm 6 = , 

^ tan I?' 

tan^=g|. (194) 

Also, by means of (158), 

tanJ?=^. (195) 

%mp ^ ^ 

160. The sine of either oUiqvs angle is equal to the cosine of 
the other, divided by the cosine of its opposite side. 

By means of (154) we have 

cos -B = sin ^ sin C cos 5 — cos ^ cos Q 
which, by making (7 = 90°, becomes 

cos ^ = cos 5 sin ^, 

whence, sin -4 = =-. (196) 

In like manner, by means of (153), 

^^_cos^^ 

cosp ^ ^ 

161. The cosine of the hypothenuse is equal to the product of the 
cosines of the other two sides. 
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B7 means of (152) we have 

oosh = cospcosb-{'8inpmiicos O, 

which, by making C = 90**, becomes 

cos A = cos /I cos & (1^^) 

1 62. ITie cosine of the hypothenuse is equal to the product of the 
cotangents of the two oblique angles. 
By means of (155) we have 

cos (7= sin ^ sin J? cos A — cos ^ cos ^ 

which, by making (7 = 90®, becomes 

sin ^ sin ^ cos A = cos ^ cos ^ 

COS ^ cos B 



or. 



cos A == 



sin ^ sin jB 



= cot ^ cot B. 



(199) 



163. The preceding formulae may readily be remembered from 
their similarity to the corresponding ones for plane triangles ; and, 
for convenience of reference, they are brought together in the fol- 
lowing 

TABLE. 



1. 


sm -4=:-r-^. 
sm h 


2. 


. 7> sin b 

sm J?= -r— =-. 

sm h 


3. 


. tan 6 
^^^-tanA- 


4. 


003^ = *""^. 

tanA 


5. 


tan^ = ^°^. 
sm 


6. 


X T> tan& 

tanJ?= .— . 

sm p 


7. 


. J cosB 

BmA= r. 

COS 6 


8. 


coep 


9. 


cos A = cos j9 cos h. 


10. 


cos A = cot ^ cot JR 



SOLUTION OF BIGHT-ANGLED SPHERICAL TRIANGLES. 

164. The solution of spherical triangles is the process by 
which, when the values of a sufficient number of their six 
elements are given, we calculate the values of the remaining 
elements. 
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In order to solve a right-angled spherical triangle, two of its 
elements, other than the right angle, must be given. 

165. The formulae requisite for the solution of right-angled 
spherical triangles are readily furnished by means of the rela- 
tions demonstrated in the foregoing articles. Thus, 

sin A = ^^-^ gives sin j9 = sin ^ sin A, (200) 

" sin 5 = sin ^ sin ^ (201) 

« cos -4 = cot A tan &, (202) 

" cos ^ = cot h tan p, (203) 

" sin j9 = cot 5 tan 5, (204) 

« sin 5 = cot -4 tan JO, (205) 

Bm^=^^ " cas^ = sin J?cosjo, (206) 

sin ^ = ^^ « cos ^= sin ^ cos 5, (207) 

which, with equations (198) and (199), 

cos A = cos/? cos 5, cos A = cot -4 cot J?, 

enable us to determine every case of right-angled spherical tri- 
angles. For every one of these ten equations is a distinct com- 
bination, involving three of the five quantities, p, by A, A, B; 
and five quantities, taken three at a time, can be combined only . 
in ten different ways. 

Napier's Circular Parts. 

166. If, in any right-angled spherical triangle, the right angle 
be lefl out of consideration, the two sides adjacent to the right 
angle, and the complements of the hypothenuse and of the two 
other angles, are called the five drcvlar parts of the triangle. 



OIU. 


.£1. 




sin A 


sin 


B 


= 


sin b 
sin A 


cos 


A 


= 


tan b 
tan"A 


cos 


B 


= 


tan p 
tan A 


tan J? 


= 


tan b 
sin p 


tan 


A 


= 


tan p 
sin 5 
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Thus, in the spherical triangle 
ABGy right-angled at (7, the cir- 
cular parts are p^ by and the com- 
plements of A, A, and B, 

167. When any one of the five 
parts is taken for the middle part, the two adjacent to it, one 
on either side, are called the adjacent parts, and the other two 
parts are called the opposite parts. Then, whatever he the mid- 
dle part, we have as 

The Rules op Napier. 
I. 77ie sine of the middle part is equal to the product of the 
tangents of the adjacent parts. 

II. The sine of the middle part is egtuxl to the product of the 
cosines of the opposite parts, 

168. Napier's rules may be proved by showing that they 
agree with the results already established, Art 165. Thus, 

1. Let b be taken for the middle part ; then p and the com- 
plement of A will be the adjacent parts, and the complements pf 
B and h will be the opposite parts, and by the rules we have 

sin b = tan (com. A) ianp, 

sin b = cos (com. B) cos (com. h) ; 

whence, by Art 50, 

sin J = cot -4 tan p, sin b =z sm B sin A 

which agree with (205) and (201). 

In like manner, if j9 be taken as the middle part, 

smp = tan (com. B) tan 5, 

Biap =1 cos (com. A) cos (com. h) ; 

whence, 

sin p =zcot B tan 5, sin p = Bin A sin A, 

Which agree with (204) and (200). 

2. Let the complement of A be taken as the middle part; 

8* 
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then the complements of A and B will be the adjacent parts, 
p and b the opposite parts, and we have 

sin (com. h) ==. tan (com. A) tan (com. B), 

sin (com. h) = cos p cos b ; 
whence, 

cos h = cot A cot By cos h = cos p cos 5, 

which agree with (199) and (198). 

3. Let the complement of A be taken as the middle part; 
then b and the complement of h will be the a(^acent parts, p 
and the complement of B the opposite parts, and we have 

sin (com. A) = tan (com. h) tan 5, 

sin (com. A) = cos (com. B) cos p ; 
whence, 

cos ^ = cot A tan J, cos -4 = sin 5 cos /i, 

which agree with (202) and (206). 
In like manner, 

sin (com. B) = tan (com. k) tan j9, 

sin (com. B) = cos (com. A) cos b ; 
whence, 

cos ^ = cot A tan p, cos B = sin A cos 5, 
which agree with (203) and (207). 

169. Any element of a spherical triangle is less than 180® 
(Geom., Art. 505, 539). Two parts are said to be of the same 
species when they are in the same quadrant, that is, when they 
are both less, or both greater, than 90° ; and of different species 
when one terminates in the first and the other in the second 
quadrant 

170. In order to determine whether a part sought is less or 
greater than 90®, the algebraic signs of the terms should be ob- 
served, according to Art. 68 or 78. When, however, the part 
sought is determined by its sine, since the sines in both the first 
and second quadrants are positive, there will be two solutions, 
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unleBs the ambiguity be removed hj one of tbe following 
rules: — 

1. In any right-angled tpherical triangle, an oUique angle and 
its opposite side cure always of the same species. 

For, by (205), sin 5 = cot ^ tan/i, 

in which, since sin 5 is always positive, cot A and tan p must 
always have the same sign, that is, A and p must be of the same 
species. 

2. When the two sides about the right angle are of the same 
species, the hypothenuse is less than 90**, hut when they are of 
different species, the hypothenuse is greater than 90**. 

For, by (198), cos A = cos jo cos 5, 

in which, if cos /i and cos h have the same signs, cos h will be 
positive, but if they have unlike signs, cos A will be negative. 

171. In the solution of right-angled spherical triangles, there 
will be six cases to consider, in which there may be given, re- 
spectively, 

I. The hypothenuse and an oblique angle. 

II. The hypothenuse and one side. 
III. One side and its adjacent oblique angle. 
lY. One side and its opposite oblique angle. 

V. The two sides about the right angle. 
VI. The two oblique angles. 

Case I. 

172. Given the hypothenuse and an oblique angle. 

Let there be given in the right- 
angled spherical triangle A BC, the 
hypothenuse h and the oblique angle 
A ; to solve the triangle. 

To find p. Make p the middle 
part, and we have, by Napier's rules, 
or by (200), 

sin p =z%mA sin A, 
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or, by logarithms, 

log sin ^ = log sin A + log sin h* (208) 

To find h. Make the complement of A the middle part, and 
we have, hj Napier's rules, or by (202), 

cos -4 = cot A tan h ; 

whence, tan 5 = tan A cos J, (209) 

or, by logarithms, 

log tan h = log tan h -J- log cos A. (210) 

To find B. Make the complement of h the middle part, and 
we have, by Napier's rules, or by (199), 

cos A = cot Jl cot B; 
whence, cot J? = cos A tan ^, (^H) 

or, by logarithms, 

log cot B = log cos A + log tan A. (212) 

Thus, h and B, by observing the algebraic signs, are deter- 
mined without ambiguity ; and je>, though determined by its sine, 
is not ambiguous, since it must be of the same species as A 
(Art 170). 

EXAMPLES. 

1. Given in a right-angled spherical triangle ABO, right- 
angled at (7, the hypothenuse A equal to 105° 34', and the angle 
A equal to 80** 40' ; to solve the triangle. 

Solution, 

By (208), By (210), By (212), 

A,log8in4-9*983770 log tan— 10.555053 log cos— 9.428717 
A, log sin4-9. 994212 log co + J>.20^992 log tan-f 10.784220 
;?,logsin4-9.977982 i, log tan— 9.765045 ^, log cot— 10.212937 

Hence, p = 71° 54' 33", b = 149° 47' 37", B= 148° SO' 54". 

2. Given in the spherical triangle ABO, right-angled at C, 
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the hypothenuse h equal to 70** 23' 42", and the angle A equal 
to 66° 20' 40" ; to find the other parts. 

Ans. py 59° 38' 26"; 5, 48° 24' 15"; By 52° 32' 66". 

Case IL 

173. Given the hypothenuse and one side. 

Let there be given (Fig. Art 172) the hypothenuse h and the 
«ide p ; to solve the triangle. 

To find A. Make p the middle part, and we have, by Napier s 
rules, or by (200), 

sin j9 = sin A sin A ; 

whence, sin -4 = . ^ , (213) 

or, by logarithms, 

log sin A = log sin /I — log sin A. (21^) 

To find B, Make the complement of B the middle part, and 
we have, by Napier's rules, or by (203), 

cos ^ = cot A tan p, 
or, by logarithms, • 

log cos J? = log cot A + log tan p. (215) 

To find h. Make the complement of A the middle part, and 
we have, by Napier's rules, or by (198), 

cos A = cos p cos h ; 

whence, cos 5 = , (216) 

or, by logarithms, 

log cos J = log cos A — log cos p. (217) 

t 
Here, as in the preceding article, h and B are determmcd 

without ambiguity, for there is only one angle less than 180° cor- 
responding to a given cosme ; and A must be of the same species 
asj9. 
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BXAMPUSSL 

1. Given in a right-angled spherical triangle ABC^ the hv- 
pothenuse h equal to 91** 42', and the side/? equal to 95** 22' 30''; 
to solve the triangle. 

Ans. Ay 95° 6'; B, 71** 36' 45"; h, 71° 32' 12". 

2. Given in a right-angled spherical triangle, the h jpothenase 
equal to 70° 23' and a side equal to 48° 24' ; to solve the tri- 
angle. 

Case III. 

174 Given one $ide and its adjacent oblique angle. 

Let there be given (Fig. Art 172) the side h and the angle 
A ; to solve the triangle. 

To find B, Make the complement of B the middle part, and 
we have, by Napier's rules, or by (207), 

cos 5 = sin ^ cos 5, 
or, by logarithms, 

log cos J? = log sin A + log^cos h, (218) 

To find p. Make h the middle part, and we have, by Napier's 
rules, or by (205), 

sin 5 = cot A tan p ; 

whence, tan/i = tan^ sin 5, (219) 

or, by logarithms, 

log tan /I = log tan A + log sin h. (220) 

To find h. Make the complement of ^ the middle part, and 
we have, by Napier's rules, or by (202), 

cos ^'= cot A tan h ; 

whence, cot A = cos ^ cot 5, (221) 

or, by logarithms, 

log cot A = log cos -4 + log cot & (222) 
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BXAMPLBS. 

1. Given in a spherical triangle ABC, right-angled at C, the 
Bide h equal to 29** 46' 8", and the angle A equal to 137** 24' 21"; 
to solve the triangle. 

Ans. B, 54^ 1' 16"; p, 155^ 27' 54" ; h, 142^ 9' 13". 

2. Given in a spherical triangle ABC, right-angled at C, the 
side p equal to 149** 47' 23", and the angle B equal to 80* 40' j 
to find the other parts. 

Casb IV- 

175. Given one side and its opposite ohUque angle. 

Let there be given in a spherical tri- 
angle ABC, right-angled at C, the 
side p and the opposite angle A ; to 
solve the triangle. 

To find A. Make p the middle 
part, and we have, bj Napier's rules, 
or by (200), 

sin j9 = sin ^ sin A ; 




sin /> 
' sin ^ ^ 



(223) 
(224) 



whence, sin 

or, by logarithms, 

log sin A = log sin p — log sin A. 

To find h. Make b the middle part, and we have, by Napier's 
rules, or by (205), 

sin 5 = cot ^ tan p, 
or, by logarithms, 

log sin b = log cot A + log tan p. (225) 

To find B, Make the complement of ^ the middle part, and 
we have, by Napier's rules, or by (206), 

• oos^=sinj?cos/i; 



. T, cos -4 
sm ^ = , 



whence, 

or, by logarithms, 

log sin ^ = log cos ^ — log cos p. 



(226) 
(227) 
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Here, since all the unknown parts are determined bj their 
sines, and since there are always two angles less than 180° cor- 
responding to a given sine, A, 6, and B may be taken either acute 
or obtuse ; hence there may be two solutions. 

For, produce A B and A C till they meet in A'^ then we have 
a second triangle, A' B C, which satisfies the given conditions, for 
it has a right angle at (7, the given side jt?, and A' equal to -4, the 
given angle. But A', h', and B^ the other parts of the second tri- 
angle, are respectively the supplements of h, b, and B of the first 
triangle. 

When, however, JO is given equal to A, we have A, 5, and By 
each equal to 90°, and the triangle A'B O is equal to the tri- 
angle ^^ (7 (Geom., Prop. Xn. Bk. IX). 

When p and A are both equal to 90°, h is also equal to 90°, 
and h and B are equal, but indeterminate. 

EXAMPLES. 

1. Given in a spherical triangle ABC, right-angled at O, the 
side p equal to 36° 31', and the angle A equal to 37° 25' ; to solve 
the triangle. 

Ans. A, 78° 20', or 101° 40'; h, 75° 26', or 104° 34'; By 
81° 12', or 98° 48', when carried only to minutes. 

2. Given in a spherical triangle ABC, right-angled at Oy 
the side h equal to 79° 30', and the angle B equal to 89° 35' ; to 
solve the triangle. 

Case V. 

176. Given (he two sides about the right angle. 
Let there be given (Fig. Art 172) the sides J9 and J; to solve 
the triangle. 

To find A. Make the complement of A the middle part, and 
we have, by Napier's rules, or by (198), • 

cos A = cos /I cos 5y 
or, by logarithms, 

log cos A = log cos /I -|- log cos h. (228) 
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To find A. Make h the middle part, and we have, by Na- 
pier's rules, or by (205), 

sin 5 = cot -4 tan /I ; 

whence, cot -4 = cot j9 sin 5, (229) 

or, by logarithms, 

log cot -4 = log cot ^ + log sin h. (230) 

To find B. Make p the middle part, and we have, by Na^ 
pier's rules, or by (204), 

sin /> = cot 5 tan h ; 

whence cot J? = sin p cot 5, (231) 

or, by logarithms, 

log cot B = log sin p -|- log cot h, (232) 

These formulae determine A, A, and B without ambiguity. 

EXAMPLES. 

1. In a spherical triangle ABC are given the sides about the 
right angle, p equal to 48° 24' 15", and h equal to 59° 38' 27''; 
to solve the triangle. 

Ans. A, 70° 23' 42"; A, 52° 32' 55"; B, 66° 20' 40". 

2. Given in a right-angled spherical triangle, the side p equal 
to 95° 22' 30", and the side h equal to 71° 32' 14"; to find the 
other parts. 

Case VI. 

177. Given the two oUique angles. 

Let there be given (Fig. Art. 172) the angles A and B; to 
solve the triangle. 

To find h. Make the complement of h the middle part, and 
we have, by Napier's rules, or by (199), 

cos h = cot A cot By 
or, by logarithms, 

log cos h = log cot A + log cot B. (233) 

To find p. Make the complement of A the middle part, and 
we have, by Napier's rules, or by (206), 
9 
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COS ^ = sin ^ cos p ; 

cos A 
COS© = - — ^, 
^ sin B' 



(234) 



whence, 

or, hj logarithms, 

log cos p = log cos ^ — log sin B. (235) 

To find b. Make the complement of B the middle part, and 
we have, hy Napier's rules, or by (207), 

cos J5 = sin -4 cos 5 ; 
cos B 



an A ^ 



(236) 
(237) 



whence, cos J = 

or, bj logarithms, 

log cos b = log cos B — log sin A. 
Here A, p^ and b are determined without ambiguity. 

EXAMPLES. 

1. In a right-angled spherical triangle ABC are given the 
two oblique angles, A equal to 44^50', and B equal to 65''49'53"; 
to solve the triangle. 

Ans. h, 63° 10' 4" ; p, 38° 59' 11" ; b, 54° 30'. 

2. Given, in a right-angled spherical triangle, the two oblique 
angles, A equal to 125° 30', and B equal to 80° 40' ; to find the 
other parts. 

QUADRANTAL TRIANGLES. 

178. A QUADRANTAL TRIANGLE is a Spherical triangle hav- 
ing one of its sides quadrantal, or equal to 90°. 

Quadrantal triangles may be 
solved in the same manner as 
right-angled spherical triangles, by 
means of the polar triangle. 

Let A BC be a quadrantal tri- 
angle, and A' BO denote a tri- a' 
angle polar to it; then, by Art 
150, we have 

A' = 180° —p, ^ = 180° — ft, 
p' = 180° — A, V=z 180° — B, 




O = 180° — h ; 
A/=180°— (7. 
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Now, if the side A be taken equal to 90®, its corresponding 
polar angle C will also equal 90"; hence the polar triangle will 
be right-angled, and can be solved by application of the preced- 
ing formulae for right-angled spherical triangle.^, and thus the 
required parts of the quadrantal triangle may be determined, 

A triangle, one of whose sides is a quadrant, may also be 
solved by laying off a quadrant on one of the other sides, pro- 
longed if necessary, and connecting this last point with the other 
extremity of the original quadrant by the arc of a great circle, 
thus making the original quadrantal triangle either the difference 
or the sum of a bi-quadrantal and a right-angled spherical tri- 
angle. Solving the latter polves the original triangle. Thus, 
AG" measures B, C A G" = 90** — A, G G" = 90* — p, 
AGG" = 180* — (7, and solving the triangle A G G" also 
solves the triangle AB G. 

EXAMPLES. 

1. Let there be given, in a quadrantal triangle ABG, the side 
h equal to 90°, the angle A equal to 54° 43', and the angle B 
equal to 42° 12' ; to find the other parts. 

By taking the supplements of the given parts, we have in the 
polar triangle, 

p' = 125° 17', h' = 137° 48', 

whence A', J5', and A' are determined as in Art 176, and the 
supplements of these give the required parts of the quadrantal 
triangle. Ans. p, 64° 34' 40"; b, 48° 0' 16"; C, 115° 20' 5". 

2. Given two sides of a quadrantal triangle equal to 72° 53' 
and 51° 4', to find the angle opposite to the quadrantal side. 

Ans. 104° 24' 21". 

SOLUTION OF OBLIQUE-ANGLED SPHERICAL TRIANGLES. 

179. In the solution of oblique-angled spherical triangles, it is 
sometimes found convenient, especially, in removing an ambi- 
guity, to refer to one or more of the following propositions, of 
which the first four have been demonstrated in Book IX. of the 
Geometry. 
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I. Any tide of a spherical triangle is le^ than the sum of the 
other two. 

II. Ilie sum of the sides is less than 360°. 

III. The sum of the angles is greaier than 180°. 

IV. The greaier side is opposite the greater angle^ and com." 
versely. 

.V. Any angle is greaier than the difference between 180° and 
the sum of the other two angles. 

VI. A side which differs more from 90° than anociier side, is 
of the same species as its opposite angle. 

For, by (150), we have 

C09 a=zcos b cos c -{- sin b sin c cos A ; 

whence, 

J cos a — cos & cos c 

cos A = -. — j—^ , 

sm 6 sin c 

in which the denominator is always positive. 

Then, if a differs more from 90° than b or than c, cos a is 
numerically greater than cos b, or than cos c, and we have 

cos a > cos ft cos c ; 

hence, the sign of the numerator, and consequently the sign of 
cos A, is the same as that of cos a, that is, A and a are in the 
same quadrant 

VII. An angle which differs more from 90° than another angle, 
is of the same species as its opposite side. 

Foi> by (153), we have 

cos -4 = sin B sin (7 cos a — cos B cos G ; 
whence, 

cos 4 + cos B cos C 

cos a = r „— . — -^ , 

sm Bsm C 

in which, if -4 differs more from 90° than B, or than O, cos A is 
numerically greater than cos B, or than cos G, and the sign of 
cos a is the same as that of cos A, that is, a and -4 are in the 
same quadrant. 

Vill. When the sum of two sides is greater than^ equal to, or 
kss than 180°, the sum of the two opposite angles is the same. 
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For, by means of (188), 

tan i (a + i) cos i (^ -f. ^) = tan i c cos J (^ — B), 

in which the second member is always positive, since J c and 
^{A — B) are each less than 90®, fo that the factors of the fir t 
member, tan i (« + ^) and cos ^ {A -\- B) must have the same 
sign. Therefore, i (« + ^) and ^ {A-{- B) 9iXQ of the same 
species. 

180. In the solution of oblique-angled spherical triangles, there 
are six cases, the data in them being, respectively, 

L Two sides and an angle opposite one of them. 

U. Two angles and a side opposite one of them. 

III. Two sides and the included angle. 

lY. Two angles and the included side. 

V. The three sides. 

VL The three angles. 

Case L 

181. Given two tides and an angle opposite one of them. 
Let there be given, in the oblique- ^ 

angled spherical triangle ABC, the ^^ 
sides a and h, and the angle A ; to 
solve the triangle. 

To find R We have, from (148). 

. ^ sin & . . 
sm B = - — sm A» 
sma 

or, by logarithms, 

log sin B = log sin h — log sin a -|- log sin A. (238) 

To find O and c. We have, by Napier's analogies, (186) and 
(188), 




^^ c^|(aj^)^^ 

^ cos -^ (a — b) ^ ^ ' ^' 

tan^ 
or, by logarithms, 



tan i c = ^-^Ji^+IJ tan H« + i); 
^ cos ^ (^ — B) ^ ^ • ^ 



9* 
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log cot ^ 0= log COS i (a-^h) — log cos ^ (a — h) 

+ logtani(^ + ^, (239) 

log tan ^ c = log cos ^ (A-^-B) — log cos ^ (A — B) 

+ logtani(a + i), (240) 

which determine J O and ^ c, and thence G and c. 

In this case, since B is found from its sine, it will sometimes 
admit of two values, the one supplementary to the other. When 
B has two values, G and c must each have two corresponding 
values. Whether both values of B are admissible must be de- 
termined by one of the propositions of Art. 179. 

Thiis (Prop. VL), if b differs more from 90° than a, B must 
be of the same species as 5, and there can be but one solu- 
tion ; but if b differs less from 90° than a, there may be two 
solutions. 

Or (Prop. VIIL), if only one of the supplementary values of 
B makes ^ (A-{-B) of the same species as i (a + ^), there 
can be but one solution ; but if both values of B fulfil that con- 
dition, there will be two solutions. 

EXAMPLES. 

1. Given, in an oblique-angled spherical triangle, the side a 
equal to 63° 50', the side b equal to 80° 19', and the angle A 
equal to 51° 30'; to solve the triangle. 

Soltaion. By (238) we have 

a = 63° 50' ar. co. log sin 0.046958 

b = 80° 19' log sin 9.993768 

A = 51° 30' log sin 9.893544 

B = 59° 15' 57", or 120° 44' 3" log sin 9.934270 

As b differs less from 90° than a, both values of B are admis- 
sible, and we have i (b—a) = 8° 14' 30", ^ (a+i) = 72° 4' 30", 
i(A-{-B)= 55° 22' 58" or 86° 7' 2' , and i (B—A) == 3° 52' 58" 
or 34° 37' 2". The cosines of i (b—a) and i (B—A) are the 
same as those of j- (a — b) and ^ (A — B), respectively, by Art 
79. Hence, by (239) and (240), 



BOOK V. 99 

i (h—a) ar. co. log cos-f- 0.004508 ar. co. log cos+ 0.004508 
i(a+5) log cos-f 9.488229 log cos+ 9.488229 

i(^+^) logta n+10.16Q964 or logtan+11 .168314 

iG log cot-j- 9.653701 or logcotH|-10.66105l 

iC= 65* 44' 53" or 12* 18' 42", 
(7= 131* 29' 46' or 24* 37' 24". 
i(B^A) ar.co.logcos-1- 0.000998 or ar.co.logcos-j- 0.084618 
^(A-^B) log COS+ 9.754418 or log co8+ 8.830687 

i (a+5) log tan +10.490161 log tan+10.490161 

i c log tan4-10.245577 or log tan+ 9.405466 

J (? = 60* 23' 57" or 14* 16' 18", 
c = 120* 47' 54" or 28* 32' 36". 

2. Given, in an oblique-angled spherical triangle, two sides 
equal to 99* 40' 48" and 64* 23' 15", and an angle opposite to 
the first of these equal to 95* 38' 4" ; to find the other side and 
angles. 

Ans- Side, 100* 49' 30" ; angles, 65* 33' 10" and 97* 26' 30". 

Case II. 

182. Given two angles and a side opposite one of them. 

Let there be given, in the oblique-angled spherical triangle 
ABC (Fig. Art 181), the angles A and By and the side a \ to 
solve the triangle. 

To find h. We have, from (148), 

. , sin B . 
sin 6 = -. — 7 sm a, 
sm A 

or, bj logarithms, 

log sin ^ = log sin B — log sin A -|- log sin a. (241) 

To find C and c. We use equations (239) and (240), as in 
the last article. 

This case is exactly analogous to Case L, and gives rise to the 
same ambiguities, as maj be shown by passing to the polar tri- 
angle. 
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If B differs more from 90° than -4, h must be of the same 
species as B^ and there can be but one solution ; but if B differs 
less from 90* than -4, there may be two solutions. (Prop. VII. 
Art. 179.) 

Or, if only one of the supplementary values of h makes 
J (a-\-h) of the same species as J (^ -|- J5), there can be but 
one solution ; but if both values of h fulfil that condition, there 
will be two solutions. (Prop. VIH. Art. 179.) 

EXAMPLES. 

1. Given, in an oblique-angled spherical triangle, the angle A 
equal to 135°, the angle B equal to 60°, and the side a equal to 
155° ; to find the other parts. 

Ans. C, 98° 3' 4" or 16° 57' 1"; J, 31° 10' 17" or 148° 49' 
43"; Cy 143° 42' 57" or 10° 2' 6". 

2. Given, in an oblique-angled spherical triangle, two angles 
equal to 97° 26' 30" and 65° 33' 10", and the side opposite to 
the first equal to 100° 49' 30" ; to find the other parts. 

Case HI. 

183. Given two sides and the indtided angle. 

Let there be given, in the oblique-angled spherical triangle 
ABC (Fig. Art. 181), the sides a and b, and the included angle 
C; to solve the triangle. 

To find A and B. By means of Napier's analogies (186) and 
(187), we have 

tan i (^ + 5) = ^i-fe*^ cot J G, 
^ ^ ' ^ COS ^ (a 4" ^) 

^ ^ ^ Sin ^ (a 4" ^) 

or, by logarithms, 

log tan ^ {A-\-B) =. log cos ^ (a — b) — log cos J (a-\-b) 

+ log cot i (7, (242) 

log tan J (A — B) = log sin ^ (a — b) — log sin J (a+i) 

+ log cot i Gy (243) 

which determine ^ (A-\-B) and J (A — B). The sum of these 
values gives Ay and the second subtracted from the first gives B, 
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To find c. We use equation (240), as in the first two cases. 
The value of c might also be obtained by (147) or (149) ; but as 
it is thus determined from its sine, it would be necessary to re- 
move the ambiguity by means of the principles contained in Art. 
179. 

As Aj B, and c may all be found by means of tangents, there 
can be but one value for each. It will be observed that i(A-{-B) 
must always be of the same species as* J (a -|- h). (Prop. VIIL 
Art. 179.) 

EXAMPLES. 

1. Given, in an oblique-angled spherical triangle ABC, the 
side a equal to 70°, the side b equal to 38° 30', and the included 
angle (7 equal to 31° 34' 26" ; to solve the triangle. 

JSoltUion. 
i (a + h) — 54° 15', i (a — h) = 15° 45', and J 0= 
15° 47' 13"; then. 

By (242), By (243), 

i(a-|-5) ar.co.logcos+ 0.233402 ar. co. log sm -j- 0.090672 

i(a—h) log cos + 9.983381 log sin -f 9.433675 

i G log cot + 10.548635 log cot + 1 0.548635 
i (A-{-B) log tan + 10.765418 i (A—B) log tan -|- 10.072982 

j. (^ + jB) = 80° 15' 41" i{A — B) = 49° 47' 30" 

A = 130° 3' 11" ^=30° 28' 11" 

By (240), 
i{A — B) = 4r 47' 30" ar. co. log cos + 0.190058 
^ (^ + ^ = 80° 15' 41" log cos + 9.228282 

i (a + i) = 54° 15' log tan + 10.142730 

ic =20° log tan + 9.561070 

Ans. Angle A, 130° 3' 11"; angle B, 30° 28' 11" ; side c, 40°. 

2. Given, in an oblique-angled spherical triangle, an angle equal 
lo 48° 36', and the two adjacent sides equal to 112° 22' 58^" and 
89° 16' 53 J" ; to find the other parts. 
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Case IV. 

184. Given two angles and the included side. 

Let there be given, in the oblique-angled spherical triangle 
ABG (Fig. Art. 181), the angles A and B^ and the included 
side c ; to solve the triangle. 

To find a and b. By means of Napier's analo^es (188) anj 
(189), we have 

tanH« + ^)= '"i?lTS tan^c, 

^ ^ ' ^ cos J (^ -f- 5) ^ ' 

1 / i\ sin 4 (^ — B) ^ , 

tan i (a _ J) = ,^-|-(^-^ tan i c; 

or, by logarithms, 

log tan i (a+i) = logcosi (^— J5) — logcos^ (^4-jB) 

+ log tan i c, (244) 

log tan ^ (a — 5) = log sin ^ (-4 — jB) — log sin ^ (A-\-B) 

+ log tan i c, (245) 

which determine ^ (« + i) and ^ (a — J), and thence a and ^. 

To find G. We use equation (239), as in the first two cases; 
but (147) or (149) may be employed, as in the last case. 

This case is analogous to Case IIL, and gives rise to no ambi- 
guity. 

EXAMPLES. 

1. Given, in an oblique-angled spherical triangle ABG, the 
angles^ and ^ equal to 119° 15' and 70° 39', and the side c 
equal to 52° 39' 4" ; to solve the triangle. 

Ans. Sides a and J, 112° 22' 58^" and 89° 16' 53^"; angle (7, 
48° 36'. 

2. In an oblique-angled spherical triangle, given two angles 
equal to 130° 3' 11" and 31° 34' 26", and the included side equal 
to 38° 30' ; to find the other parts. 

Case V. 

185. Given the three sides. 

Let there be given, in the oblique-angled spherical triangle 
ABG (Fig. Art. 181), the sides a, by and c ; to solve the tri- 
angle. 
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To find A, B, and O, we have, by (164), (165), and (166), 



8m 



sin 



.J /sill (s — b) sin (s — c) 

^ Y sin 6 sin c ' 

- D /sin (« — c) sin (s — a) 

^ Y sin c sin a ' 



. , ^ /sin (s — a) sin (s — h) 

Bvai O = t/ — 5^ — ,-^^—, I ^; 

^ Y sin a sm 6 

or, by logarithms, 

logsini^ = ^Qg «^n (8—b)+\og sin (^~<T)~log sin fr— log wn c^ .^^^. 



lotrainA C— ^Qg»^^(^~^)+^og8'"(^— ^)— ^og""^— ^«nft ^ 



-4, ^, and (7 can also be determined by formulae (1G7), (168), 
and (169) for the cosine of half an angle, and by formulae (170), 
(171), and (172) for the tangent of half an angle. 

Since the half-angles must be less than 90°, there is no ambi- 
guity in determining the angles by any of these formulae. 

EXAMPLES. 

1. Given, in an oblique-angled spherical triangle, the side a 
equal to 70°, the side b equal to 38°, and the side c equal to 40° ; 
^ to find the angles. 

SoltUton, 

« = 74°, « — a=4°, # — ft = 36°, « — (? = 34°. 

By (246), By (247), By (248), 

8 — b, logsin 9.769219 log sin 9.769219 

8 — c, logsin 9.747562 log sin 9.747562 
8 — a, log sin 8.843585 log sin 8.843585 

bj ar.co.logsin0.210658 ar.co.logsin 0.210658 

c, ar.co.logsin 0.191933 ar.co.log8in0.191933 
a, ar.co.log sin 0.027014 ar.co.logsin 0.02701 4 

2) 19.919372 2) 18.810094 2 ) 18.850476 

i Ay log sin 9.959686 J jB,log sin 9.405047 ^ (7, log sin 9.425238 
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i ^ = 65** 41' 33".7 } ^ = 14** 43' 18" i 0= 15** 26' 21 ".7 

Ans. A, 131° 23' 7"; B, 29° 26' 36"; C, 30° 52' 43". 
2. Given, in an oblique-angled spherical triangle, the sides 
equal to 112° 22' 59", 89° 16' 53", and 52° 39' 4" ; to solve the 
triangle. 

Case VL 

186. Given the three angles. 

Let there be given, in the oblique-angled spherical triangle 
ABO (Fig. Art 181), the angles A, B, and C ; to solve the tri- 
angle. 

To find a, ^, and c, we have, by (175), 



. , / cos S C03 (S- 

^ y sin ^ sm C 



• , 1 /—cos 5 008(5 — 5) 

Bin 4. ft = 4/ ' n ' A 'y 

^ y sin C sin .4 ' 

. , /— coSiSf cos (S— C) 

* y sin J. sin j8 

or, bj logarithms, 

log am ^ g = ^^ ^^ ^+^^ ^^ (^-^)-log sm ^~log sin C 

- . , T log COS iS^+loff cos (S — B) — log sin C — log sin A ,«-^^ 
logsmift = -^^ -L-^- — ^^ ^ 2 2 ^ (250) 

log sm ^ c = ^^ ^^ ^+^^ ^^ (^-Q-log »in ^-log sin B ^^^^^ 

a, ft, and c cai^ ^Iso be determined by formulsB (176) for the 
cosine of half 9x1 angle, and by formulae (177) for the tangent 
of half an angle. 

Here a, ft^ an4 a are detennined without ambiguity. 

£XAMP{«£S. 

1. Given, in an oblique-angled spherical triangle, the angle A 
equal to 120° 43' 37", the angle £ equal to 109° 55' 42", and 
the angle O equal to 116° 38' 33"; to find the sides. 

Ans. a, 115° 13' 26"; ft, 98° 21' 39"; c, 109° 50' 20". 

2. Given the angles in an oblique-angled spherical triangle 
equal to 131° 23' 7", 29° 26' 36", and 30° 52' 43"; to solve the 
triangle. 



BOOK VI. 

APPLICATIONS OF SPHERICAL TRIGONOMETRY 
TO ASTRONOMY AND GEOGRAPHY. 

187. The Celestial Sphere is the spherical concaye sur- 
rounding the earth, in which all the heavenly bodies appear to be 
situated. 

188. The Zenith is that pole of the horizon which is directly 
overhead. 

189. The Altitude of a heavenly body is its distance above 
the horizon, measured on the arc of a great circle passing through 
that body and the zenith. 

190.- The Declination of a heavenly body is its distance 
north or south of the celestial equator, measured on a meridian. 

191. Hie aUtttide of the celestial pole is equcd to the latitude of 
the place where the observer is located. 

For the distance from the zenith to the celestial equator is the 
latitude of the place, and the distance from the zenith to the pole 
is its complement ; but the distance from the zenith to the pole is 
also the complement of the altitude of the pole ; hence the latitude 
of the place and the altitude of the pole are equaL 

192. To find the time of the ris- 
ing AND setting op THE SUN OJt 

any place, the surCs declination and 
the latitude of the place being given. 
Let P represent the celestial north 
pole, E A Q the celestial equator, 
H A the rational horizon, S the 
place of the sun's rising, Sf the posi- 
10 
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t'.on of the sun at 6 o'clock, PEP* the meridian of the given 
place, PB P the meridian passing through aS^ and PAP the 
meridian 90** distant from PEP, passing through S. 

From the time of the sun's rising to 6 o'clock, it will pass over 
aS^ S , the arc of a small circle, corresponding to B A, the arc of a 
great circle. The length of BA, expressed in time (Art 147), 
will then give the amount to be taken from or added to 6 o'clock, 
to give the time of the sun's rising or setting. 

B S is the sun's declination, -P is the latitude of the place 
(Art. -191), and Q 0, which measures the angle BAS, is its 
compleijient ; hence, in the right-angled spherical triangle A B Sy 
there are known the side B S and the angle BAS, from which, 
by Art. 175, . 

sin BA = tan BS cot BA S, 

or, log Bin BA = log tan sun's decl. -{- log tan lat of place. 

After reducing the arc BA to time, at the rate of 15° to an 
hour, or 4m. to a degree, it must be added to 6 o'clock for the 
time of the sun's setting, and subtracted for its rising, when the 
dcv linution and latitude are both north or both south ; but sub- 
tracted for its setting and added for its rising, when one is north 
and the other south. 

The preceding reasoning rests upon the assumption that the 
sun's declination does not change between sunrise and sunset, 
which, although not strictly true; is accurate enough for our 
present purpose. The time obtained is apparent time, and a 
correction must be applied if we wish to find mean time, or that 
indicated by the clock. Another correction is necessary for 
refraction. Neither of these corrections has, however, been 
applied to the answers that follow. 

EXAMPLES. 

1. Required the time of the sun's rising and setting in Edin- 
burgh, latitude 55° 57' N., when the sun's declination is 23° 28' N. 

Ans. Risers Sh. 20m. 7s. ; sets, 8h. 39m. 53s. 

2. What is the time of the sun's rising and setting in latitude 
60° 3' N., when the sun's decimation is 23° 28' S.? 

Ans. Rises, 9h. 15m. 33s. ; sets, 2h. 44m. 27s. 
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3. Required the time of the sun's rising and setting in places 
whose latitude is 48° S., when the sun's declination is 15° S. 

193. To find the hour of the day at any place^ the latitude 
of the place and the sun^s declination and aUitvde being given. 

Let. Z represent the zenith, and 
Z D .an arc of a great circle drawn 
through the zenith and the sun^s 
place, aS'; P B P, bl meridian drawn 
through the sun's place, &c., as in 
the last article. 

As before, the arc A B, added to 
or subtracted from 6 o'clock, will 
give the time when the sun is at S; 
but it will be more convenient to use its complement, JS By 
which is the time before or after 12 o'clock. 

£ Zis the latitude of the place, and P Z is its complement ; 
B Sis the sun's declination, and P /S' is its complement ; S I) is 
the altitude of the sun, and <^ aS' is its complement ; hence, in the 
spherical triangle Z P S, the three sides are known, and the an- 
gle ZP S, or the arc B B, may be found by Art 185. 

If either the sun's declination, or the latitude of the place, is 
south, it must be considered negative in taking its complement* 
unless the south pole is taken as a vertex of the triangle, when 
north will be negative. 

EXAMPLES. 

1. Required the apparent time of day in the mooiing, at a 
place in latitude 39° 54' N., the sun's declination being 17° 29* 
N., and its corrected altitude 15° 54'. 

Ans. 6h. 25m. 30s. A. M. 

2. In latitude 36° 39' S., when the sun's declination was 
9° 27' N., its corrected altitude was observed, in the afternoon, 
to be 10° 40'; what was the apparent solar time? 

Ans, 4h. 36m. 10s. P. M. 

3. Required the apparent time of day in Boston, latitude 
42° 21' N., when the sun's declination is 20° S., and its corrected 
altitude 15° 15', the sun being east of the meridian. 
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194. To find the shortest distance between two places on 
the earitCs surface^ and the bearing o/* one from the other ^ their 
latitudes and longitudes being given. 

Let Z and S represent the two 
points on the earth's surface, and P 
the north pole of the earth. P Z and 
P S are the complements of the lati- 
tudes of the two places, and the arc 
EB^ or the angle ZP S, is the differ- 
ence of their longitudes ; hence, in the 
spherical triangle S P Z, the two sides 
P Z and P S, and their included an- 
gle P, are known, from which the side Z S, and the angles Z S P 
and S ZP may be found by Art. 183. 

The distance Z S can easily be reduced to miles by allowing 
69.16 statute miles, or 60 nautical miles, to a degree. The an- 
swers which follow are given in statute miles. 

If one place is south and the other north of the equator, the 
south latitude must be considered negative in taking its comple- 
ment. 

examples. 

1. What is the distance and bearing of Jerusalem, lat. 31** 47' 
N., long. 35° 20' E., from London, lat 5V 30' N., long. 6' W. ? 

Ans. Distance, 2248 miles; bearing, S. 66° 31' E. 

2. Required the distance and bearing of Cape Horn, lat. 
55° 58' S., bng. 67° 21' W., from London. 

Ans. Distance, 8363 miles ; bearing, S. 36° 59' W. 

3. Required the distance and bearing of Quito, lat 0°, long. 
78° 45' W., from San Francisco, lat. 37° 49' N., long. 122° 14' 
W. 
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85721 8681,110 
96651 9774*109 


7 


8791 


8900 


90091 9119 


9228 


9337 9446' 9656 


1 8 


9883 


9992 


600101 600210 


600319 


600428 600537,600646 


600765!600864|109 




^ 


600973 


601082 


1191 1299 


1408 


1617 1626| 1734 
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4 


^ 1 6 1 V 


M ^ IK 













OP NUMBERS. 
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IT 





1 


i 


3 


4 


5 


6 


7 , 8 1 » 


T\ 




ioo 


602060 


Jil>2l69 
3253 


602277 


602386 


602494 


602603 


602711 


bU2oi J C0.i.r28 M30JU,il>H 




1 


3144 


3361 


3469 


3577 


3686 


3794 


3902' 4U10 niSUJS 




2 


4226 


4334 


4442 


4550 


4658 


4766 


4874 


4982, 50H9 51J711U8 




A 


5305 


6413 


6521 


6628 


5736 


6844 


6961 


6059 


-6H.6v6'274|108l 




6381 


6489 


6696 


6704 


6811 


6919 


7026 


7133 


7241' 7348 107\ 




5 


7455 


7562 


7669 


7777 


7884 


7991 


8098 


8205 


8312, 841i«107| 




6 


8526 


. 8633 


8740 


8847 


8954 


9061 


9167 


9274 


93Sr 948<»1«7| 




7 


9594 


9701 


9808 


9914 


610021 


610128 610234 


610341 6l0447,6l05o4{107 




8 


610G«iO 


6107(.7 


610873 


610979 


1086 


1192 1298 


UOi l.,il, 1G17 106 




/® 


1723 


1829 


1936 


2042 


2148 


2254 2360 


24«6 2572J 2678|lOb 




ClO 612784 


612890 


612996 


613102 


613207 


613313 


613419 


6l3525;(;l3630!tl373(. 


100 




1 


3842 


3947 


4053 


4159 


4264 


4370 


U75 


4581 4686 


4792 


106 




2 


4897 


5003 


6108 


6213 


6319 


5424 


5629 


5634 


5740 


6845 


106 




3 


5950 


6055 


6160 


6266 


6370 


6476 


6681 




6790 


6895 


105 




4 


7000 


7105 


7210 


7315 


7420 


7525 


7629 


7734 


7839 


7943 


105 




5 


8048 


8153 


8257 


8362 


8466 


8671 


8676 


8780 


8884 


8989 


105 




6 


9093 


9198 


9302 


' 9406 


9511 


9615 


9719 


9824 


9928 


620032 


104 




7 


620136 


620240 


620344 


620448 


620552 


620656 


620760 


620Jio4 


620968 


1072 


104 




8 


1176 


r2.so 


1384 


1488 


1692 


1695 


1799 


1903 


2007 


2110 


104 




9 


2214 


2318 


2421 


2525 


2628 


2732 


2836 


2939 


3042 


3146 


104 


> 


^ 


623249 


623353] 


L623456 

^488 


623659 


623663 


623766 


623869 


6239731624076 


624179 


10^ 


^ 


1 


4282 


4385 


4591 


4696 


4798 


4901 


5004 


5107 


5210 


103 




2 


5312 


5415 


6518 


5621 


5724 


6827 


6929 


6032 


6135 


6238 


loi 




3 


6340 


6443 


6646 


6648 


6751 


6853 


^956 


7058 


7161 


7263 


103 




4 


7366 


7468 


7671 


7673 


/7775 
8797 


7878 


7980 


8082 


8185 


8287 


102 




5 


8389 


8491 


8593 


8695 


8900 


9002 


9104 


9206 


9308 


102 




A 


941» 


9612 


9613 


9715 


9817 


■^9919 


630021 


6301-23 


630224 


630326; 


loa 


y 


630428 


630530 


630631 


630733 


630836 


630936 


1038 


1139 


1241 


1342 lt)2| 




8 


1444 


1545 


1647 


1748 


1849 


1951 


2052 


2153 


2256 


2356 


101 




9 


2457 


2559 2660 


2761 


2862 
633872 


2963 
633973 


3064 
634074 


3165 
634176 


3266 
634276 


3367 


101 




430 633468 


633569 


633670 


633771 


634376 101 




1 


4477 


4578 


4679 


4779 


4880 


4981 


6081 


5182 


5283 


6383 101 




2 


5484 


5684 


5685 


6786 


6886 


6986 


6087 


6187 


6287 


63«8 100 




3 


6488 


6688 


6688 


6789 


6889 


6989 


. 7089 


7189 


7290 


7390 


100 




4 


7490 


7690 


7690 


7790 


7890 


7990 


8090 


8190 


8290 


8389 


100 




/^ 


8489 


8589 


8689 


8789 


8888 


8988 


9088 


.9188 
610183 


9287 


9387 


100 


/ 


6 


9486 


9686 


9686 


9785 


9885 


9984 


640084 


640283 


640382 


99 




7 


640481 


640581 


640680 


640779 


640879 


(140978 


1077 


1177 


1276 


1376 


99 




8 


1474 


1673 


1672 


1771 


1871 


1970 


2069 


2168 


2267 


2366 


99 




9 


2465 


2563 


2662 


2761 


2860 


2959 


3058 


3156 


3256 


3354 


99 
98 




440 


643453 


643551 


643650 


643749 643847 


643946644044 


644143,644242 


644340 




1 


4439 


4537 


4636 


4734; 4832 


4931 6029 


6127 


6226 6324 


98 




2 


5422 


6621 


6619 


6717 


5815 


6913 6011 


6110 


6208 6306 


98 




3 


6404 


6602 


6600 


6698 


6796 


6894 6992 


7089 


7187 7286 


98 




4 


7383 


7481 


7579 


7676 


7774 


7872 7969 


8067 


8166 8262 


98 




6 


8360 


8458 


8555 


8663 8750 


8848 8945 


9043 


9140 9237 


97 




6 


9335 


9432 


9530 


9627 9724 


9821 9919 


660016 


650113 650210 


97 




7 


660308 


650405 


(;60502 


660599 650696 


660793 660890 


0987 


1084 1181 


97 




8 


1278 


1375! 1472 


1569 1666 


17621 1859 


1956 


2053 2150 


97 




9, 2246 


23431 2440 


2536 2633 


2730| 2826 


2923 


3019 3116 


97 




m 


653213 


663309 


G534(^ 


663502 653598 


653695" 


653791 


663888 


653984 664080 


"96 
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4177 


4273 


4369 


4465 4562 


4658 


4754 


4850 


4946 5042 


96 


2 


5138 


6235 


6331 


6427 6523 


6619 


6715 


6810 


6906 6002 


96 


y^ 


6098 


6194 


6290 


6386 6482 


6577 


6673 


6769 


6864 6960s96 
7820 79161 96 
8774 8870' 95 
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7056 


7152 


7247 


7343 7438 


7534 


7629 


7726 


ft 


8011 


8107 


8202 


8298 8393 


8488 


8584 


8679 


6 


8965 


9000 


9156 


9250 9346 


9441 


9536 


9631 


9726 9821 


95 


7 


9916 


660011 


660106 


660201 660296 


660391 


660486 


660681 


660676 660771 


95 


9 


660865 


0960 


1066 


1150 1246 


1339 


14341 1529 


1623 1718 


95 




9 


1813 


1907 


2002 


2096 2191 


2286 


2380| 2475 


2569 2663 
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4 
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^ 
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P.j 


4tiOO(;2i58lGt.2S52l(>02947.6«3041 


663136 


6632301663324 


663418 


663512 663607 




1 3701 379a 38891 39S3 


4078 


4172 


4266 


4360 


4454 4548 


941 


2 4«42 4736 4«30 4924 


6018 


' 6112 


6206 


6299 


6393 5487 94 


3 6581' d(i75 6769 


6862 


6956 


6060 


6143 


6237 


^6331 6424 94 


4; 05181 6642, 670o 


6799 


6892 


6986 


7079 


7173 


7266 7360 94 


5 74a3| 75461 7640 


7733 


7826 


7920 


8013 


8106i 


8199 82931 93 


^-6 83S6' 84T0' R572 


8CC5 8759 


8852 


8946^9038 


9131; 9224193 


7 9317 9410 9503 9596! 9689 


9782 


9875 


9907 


670000 070153 93 


8 67u246i670339 670431 


670524 670617 


670710 


6708021670895 


0988 1080, 93 


9 1173 


1265 1358 


1451 1543 


1636 


1728^ 1821 


1913. 2005 93 


470;6720'.)8|672190,672283 


672375 672467 


072560 


672652 


672744 


672836 


672929, 92 


1! 3021 3113 


3205 


3297 3390 


3482 


'3574 


3066 


3768 


3850' 92 


SI 3942 4034 


4126 


4218 4310 


4402 


4494 


4686 


4677 


47691 92 


^3' 4861 4953 


6045 6137, 6228, 


6320 


^414J| ^^560»f- 6595 


6087! 92 


4 6778; 5870 5962;' 6053 


6145 


6236 


6328 


6419 


^ 6511 


0602 92 


6 0694: 6785 


6876 


6908 


7059 


7151 


7242 


7333 7424 


7516 91 


6 7607 7698 


7789 


7881 


7972 


8063 


8154 


8246 


8336 


8427 


91 


7 8618 8609 


8700 


8791 


8S82i 


8973 


9064 


9155 


9246 


9337 


91 


8 9428! 9619 


9610 


9700 


97911 


9882 


9973 


680063 


680154 680245 


91 


9 680336|680426 


680517 


680007 


680698! 


680789 


680879 0970' 1060 1151 


91 


480|681241 681332 681422 


681513 


681603 


681693 


6817841681874 
2686 2777 


681964 


682056 90 


1 


2145 2235 2326 


2410 


2506 


2596 


2867 


^2957 90 


2 


3047 3137 


3227 


3317 


3407 


3497 


3687 


3677 


3767 


3857 90 


3 


3947 


4037 


4127 


4217 


4307 


4396 


4486 


4676 


4666 


4756 90 


4 


4845 


4935 


5026 


6114 


5204 


6294 


6383 


5473 


6563 


6652 90 


6 


6742 


6831 


6921 


6010 


6100 


6189 


6279 


6368 


6468 


6547 89 


e| 6636 


6726 


6816 


6904 


6994 


7083 


7172 


7261 


7351 


7440 89 


7 


7529 7618 


7707 


7796 


7886 


7976 


8064 


8153 


8242 


8331 89 


8 


8420; 8509 


8598 


8687 


8776 


8865 


8953: 9042 


9131J 9220 89 1 


9 


9309; 9398 


9486 


9576 9664 


9753 


9841 


9930 690019 690107 89 1 


490 


690196 


690286 


690373 


690402 


690550 


690639 


690728 


690816 


690905 


690993 891 


1 


1081 


1170 


1268 


1347 


1435 


1624 


1612 


1700 


1789 


1877 


88 


2 


1966 


2053 


2142 


2230 


2318 


2406 


2494 


2583 


2671 


2759 


88 


3 


2847 


2935 


3023 


3111 


3199 


3287 


3375 


3463 


3551 


3039 


88 


4 


3727 


3815 


3903 


3991 


4078 


4166 


4254 


4342 


4430 


4517 


88 


6 


4606 


4693 


4781 


4868 


4956 


6044 


6131 


6219 


6307 


5394 


88 


6! 6482' 6569 


6657 


6744 


6832 


6919 


6007 


6094 


6182 


6269 


87 


7 6366' 6444 


6631 


6618 


6706 


6793 


6880 6968 


70:>5 


7142 


87 


8| 7229 


7317 


7404 


7491 


7678 


7666 


77521 7839i 7926 


8014 


87 


9 8101 


8188 


8275 


8362 


8449 


8535 86221 8709 


8796 


8883 


87 


600 


098970 


699057 


699144 


699231 


699317 


699404 


699491 699578 


699664 


699751 


87 


1 


9838 


9924 


700011 


Y00098 


700184 


700271 


700368 


700444 


700631 


700617 


87 


2 


700704 


700790 


0^77 


•' 0903 


1050 


1136 


1222 


1309 


1395 


1482 


86 


3 


1668 


1664 


1741 


• 1827 


1913 


1999 


2086 


2172 


W58 


2344 


86 


4 2431 


2517 


2603 


2089 


2775 


2861 


2947, 3033 


3119 


3205 


86 


6 3291 


3377 


3463 


3549 


3635 


3721 


3807: 3893 


3979 


4066 86 1 


6. 4161 


4236 


4322 


4408 


4494 


4579 


4605 4751 


4837 


4922 801 


. 7 


6008 6094 


5179 


6205 


6350 


6436 


5622 6007 


5093 6778 80 1 


8 


6864 6949 


6036 


ei^^l 6206 


6291 


63761 6462 65471 6632] 85 1 


9 


6718 6803! 6888 


6974 


7059 
707911 


7144 
1707996 


7229| 7315! 7400| 74861 85 1 


510 


707570i707655!707740,707826 


708081 


7081001708251,708336 85 1 


1' 8421 


8606'^ 8591; 8676! 8?61 


8846 


8931 


9015* 9100, 9186 


85 


2 


9270 


9356 


9440 9624 9609 


9694 


9779 


9863 9948 


710033 


86 


a 


710117 


710202 


710287 710371 710456 


710540 


710626 


710710 710794 


0879 


85 


4 


0963' 1048 


1132 1217. 1301 


1385 1470! 15541 1639 


1723 


84 


6 


1807' 18921 1976 2060 
2650 2734, 2818 2902 


2144 


2229! 2313 


2397 2481: 2666 


84 


6 


2986 


3070 3154 


3238 


33231 3407*84 


7 


3491 


3676 


3659 3742 


3826'.' 3910! 3994 


4078 


4162| 4246 84 


8 


4330 


4414 


4497 4581 4665. 4749; 4833 


4916 


6000 6084 84 


' 9 


6167 


6261 


6335 6418 6502| 66861 5669 


6753 


58361 6920 84 
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* 
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■V r M » i'^. 


520 716003.716087 


^16lf6 


716254. 716337u716421 716504 


716583 710071 716764 83 


1 


6838 


6921 


7004 


7088 


7171 


7254 7338 


7421 7504 75871 83 


2 


7671 


7754 


7837 


7920 


8003 


8086 


8169 


8253 8336 / 8419 83 


3 


8502 


8585 


8668 


8751 


8834 


8917 


9000 


9083 9166; !»248'83 


4 


9331 


9414 


9497 


9580' 96631 


9745 


9828 


9911 95*9417200771 83 


6 


720159 720242 


72032572040717204901 


720573 720655 


720738 720821' 0'.»03' 83 


6 


0986 1068 


1151 


1233 


1316 


1398 


1481 


1563 1646! 1728 82 


7 


1811 1893 


1975 


2058 


2140 


2222 


2305 


2387 2409, 2552; 82 


8 


2634 2716 


2798 


2881 


2963 


3045 


3127 


3209 3291' 3374' 82 


9 


3456 3538 3620' 3702' 3784| 


3866 


3948 4030 4112 4lH4 82| 


W.724276 


724358 724440 724522,724604-724685 


724767 


724841*724931 


725UI3 82 


1 


5095 


5176! 6258 5340 


5422, 5503 


6585 


6007 5748 


5830 821 


2 


5912 


5993 6075 6156 


62381 6320 


6401 


6483 6504 


€646 


8.: 


^ 


6727 


. 6809' 6890 6972 
\7623 7704 7785 


7053 


L 7134 


7216 


7297 7379 


746'j;81 


IX 


7541 


7866 


7948 


^8029 


8110 8191 


8273! 81 


6 


8354 


8435 8616 8597 


8678 


8X691^841 


8922 9003 


9084 81 


6 


9165 


9246 9327 9408 


9489 


9570! 9651 


9732 9H13| 98931 81 1 


^7 


9974:730055,730136 730217,730298i730378 730459 730540 73or.21 '7307021 81 1 


8:7307821 08631 "09441 1024| 11051 1186 1266 1347 1428' 1508 81 1 


9i 1589 1669 1750 


1830! lailil 1991' 2072 2152 2233 2313 81 | 


540 


732394 


732474 732555 


732635 732715,732796 


732876 732956l733037l733117j 80 


1 


3197 


3278 


33581 3438 3518{ 


3598 


36791 37591 3839' 3919 80 


A 


3999 


V 4079 
N4880 


4160 4240 4320 


4400 


4480 4560i 4640 4720' 80 


^ 


4800 


4960 6040 6120 


6200 


6279, 635y 5439 


5519 80 


4 


6599 


5679 


6759 6838 6918 


6998 


6078 6157 6237 


6317 80 


5 


6397 


6476 


6556 6635 6715 


6795 


6874 6954 7034 


7113 80 


6 


7193 


7272 


7352! 7431 7511 


7590 


7670 7749 7829 


7908 79 


7 


7987 


8067 


8146 8225' 8305 


8384i 8463! 8543* 8622 


8701 79 


8 


8781 8860 


8939 9018; 9097 


91771 92561 9335| 9414 


9493 79 


9 


9572' 9651 


9731< 98101 9889 


9968'740047;740126'740205 


740284 79 


5lO 


.740363,740442 740521 


740600 740678 


740757 740836 740915 


740994 741073 


79 


1 


1152 


1230 1309 


1388 


1467 


1546 1624, 1703 


1782 I860' 79 


A 


1939 


v2018 
1804 


2096 


2175 


2254 


2332 2411; 2489 


2568 2647, 79 


2725 


2882 


2961 


3039 


3118 3196 


3275 


3353 3431 78 


4 


3510 


3588 


3667 


3745 


3823 


3902 3980 


4058 


4136 4215 78 


5 


4293 


4371 


4449 


4528 4606 


4684 4762 


4840 


4919 4997 78 


6 


5075 


6153 


5231 


5309 6387 


6465 5543 


5621 


5699 


5777. 78 


7 


5855 


6933 


6011 


6089 6167 


6245 6323 


6401 


6479 


6556! 78 


8 


6634 


6712 


67901 6868' 6945 


7023 7101 


7179 7256 


7334 78 


9 


7412 


7489 


7567 
748343 


7645| 7722 

748421,748498 


7800 7878 
7"48576|748653 


7955' 8033 


8110 78 


560 


748188 748206 


748731 7488081748885! 77 1 


1 


8963 9040 


9118 


91»5 9272 


9350! 9427; 9504 9582| 9659 


77 


2 


9736 9814 


9891 


9968 750045 


750123 


750200!75U277 750354750131 


77 


3 


750508 760586 


750663:750740; 0817 


0894 


0971! 1048 . 11251 1202 


77 


4 


1279 1356 


1433, 1510, 1587 


1664 


17411 1818 1895 1»72 


77 


5 


2048 2125 


2202 


22791 2356 


2433 


2509 2586 2663 2740 77 


6 


2816 


2893 


2»70 


3047 3123 


3200 


3277 3353 3430 3506 77 


7 


3583 


3660 


3736 


3813 3889 


3966 


4042 4119 41951 4272 77 


8 


4348 


4425 


450li 4578| 4654 


4730 


4807 4883 49601 5036 76 


9 


5112 


6189 


5265 5341 6417 


5494 


5570 5646 5722' 5799 76 


m 


765875 755951 


756027 


756103J756180 


756256 


756332|756408 75G484i756500 76 


1 


66361 6712 


6788 


6864 


6940 


7016 


7092 


7168 7244' 7320 76 


2 


7396 


7472 


7548 


7624 


7700 


7775 


7851 


7927 8003 8079' 76 


3 


8155 


8230 


8306 


8382 


8458 


8533 


8609 


8685 8761 8836 76 


4 


8912 


8988 


9063 


9139 


9214 


9290 


9366' 9441 9517i 95921 76 


5 


9668 


9743 


9819 


9894 


9970 


760045 


760121 760196 760272 760347' 75 


6 


760422 760498 760573 760649 


760724 


0799 


0875 0950 1025! 110l| 75 


7 


1176, 125li 1326 1402 1477 


1552 


1627 1702 1778' 1853 75 


8 


1928 2003, 2078 2153, 2228 
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7642 


7688 


7735 


7782 
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9602 
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970021 
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47 




4 
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0672 
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5 
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6 
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1879 
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3820 
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6304 
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8 
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6854 
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4G 
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3 
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46 
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1456 


1501 
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982678 
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6606 


6651 6696 
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45 




8 


6876 
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45 




9 
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6503 
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8024 
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LOGARITHMIC SINES, COSINES, 
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Sine. 


D 


Cosine. 


1 D- 


Tang. 


D. 


Cotang. 







0.000000 




lO.OUOOUO 




0.000000 




Infinite. 
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1 


6.463726 


5017.17 


.000000 


.00 


6.463726 


5017.17 


13.536274 


69 
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.764756 


2934.85 


.000000 


.00 


.764756 


2934.83 


.235244 


68 
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.940847 


2082.31 


.000000 


.00 


.940847 


2082.31 


.059158 


67 


4 


7.065786 


1615.17 


.000000 


.00 


7.065786 


1615.17 


12.934214 


66 


5 


.162696 


1319.68 


.000000 


.00 


.162696 


1319.69 


.837304 


55 


6 


.241877 


1115.75 


9.999999 


.01 


.241878 


1115.78 


.758122 


64 


7 


.308824 


966.53 


.999999 


.01 


.308825 


996.53 


.691176 


53 


8 


.366816 


852.54 


.999999 


.01 


.366817 


852.54 


.633188 


62 


9 


.417968 


762.63 


.999999 


.01 


.417970 


762.63 


.682030 


61 


10 


.463725 


689.88 


.999998 


.01 


.463727 


689.88 


.636273 


50 


11 


7.505118 


629.81 


9.999998 


.01 


7.505120 


629.81 


12.494880 


49 


12 


.542906 


579 36 


.999997 


.01 


.542909 


579.33 


.457091 


48 


18 


.577668 


636.41 


.999997 


.01 


.577672 


636.42 


.422328 


47 


14 


.609853 


409.38 


.999996 


.01 


.609857 


499.39 


.390143 


46 


16 


.639816 


467.14 


.999996 


.01 


.639820 


467.15 


.360180 


45 


16 


.667845 


438.81 


.999995 


.01 


.667849 


438.82 


.832151 


44 


17 
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413.72 


.999995 


.01 


.694179 


413.73 


.305821 
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18 
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891.35 


.999994 


.01 
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42 


19 


.742477 
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.01 
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41 
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353.15 
336.72 
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.01 
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40 
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.01 
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39 


22 
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.01 
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88 
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86 


25 
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27 
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28 
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.073866 


30 
31 
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229.81 
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29 


32 


.968870 


222.73 
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.02 


.968889 


222.75 
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28 


33 
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216.08 


.999980 
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27 


34 
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.004781 


26 


35 
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.999977 


.02 
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203 92 
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25 


36 
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198.31 
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.02 


.020045 
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.979955 


24 


37 


.031919 


193.02 


.999975 


.02 
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.968055 


23 


38 


.043501 


188.01 
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.02 


.043527 
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22 


39 


.054781 
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.02 
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.02 
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19 


42 


.086965 


170.31 
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.02 


•086997 
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18 


43 
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166.39 
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.03 


.097217 
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.902783 


17 


44 
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162.65 
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.03 
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162.68 
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45 


.116926 
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.03 


.116963 
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155.66 
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155.68 


.873490 
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47 


.135810 


152.38 
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.03 


.135851 


152.41 


.864149 


13 


48 


.144953 


149.24 


.999958 


.03 


.144996 


149.27 


.8550)4 


12 


49 


.153907 


146.22 


.999956 


.03 


.153952 


146.27 


.846048 
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50 


.162681 


143.33 


.999954 


.03 


.162727 
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8.171280 


140.54 


9.999952 


.03 


8 171328 


140.57 


11.828672 
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52 


.179713 


137.86 


.999950 


.03 


.179763 


137.90 


.820237 


8 


53 


.187985 


135.29 


.999948 


.03 


.188036 


135.32 


.811964 


7 


54 


.196102 


132.80 


.999946 


.03 
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132.84 


.803844 
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55 


.204070 


130.41 
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.03 


.204126 


130.44 


.795874 
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.211895 


128.10 


.999942 


.04 
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128.14 


.788047 
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57 


.219581 


125.87 


.999940 


.04 
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125.90 


.780359 
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58 


.227134 


123.72 


.999938 


.04 
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123.76 


.772805 
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59 


.234557 


121.64 


.999936 


.04 
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.241855 


119.63 
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.04 
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119.67 
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/J - J / 
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Sine. 


D. 
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8.24lb5o 


119.63 


9.999934 


.04 


8.241921 




11.758079 


60 


1 


.1149033 


117.68 


.999932' 


-.04 


^ .249102 


117.72 


.750898 


69 


2 


.256094 


115.80 


.999929 


.256165 


115.84 


.743836 


68 


3 


.263042 


113.98 


.999927 


.263115 


114.02 


.736886 


67 


4 


.269881 


112.21 


.999926 


.04 


.269956 


112.26 


.730044 


66 


6 


.276614 


110.50 


.999922 


.04 


.276091 


110.64 


.728309 


66 


6 


.283243 


108 83 


.999920 


.04 


.283323 


108.87 


.716677 


64 


7 


.289773 


107.21 


.999918 


.04 


.289856 


107.26 


.710144 


63 


8 


.296207 


105.66 


.999915 


.04 


.296292 


106.70 


.703708 


62 


9. 


.302546 


104.13 


.999^18 


.04 


.302634 


104.18 


.697366 


61 


10 


.308794 


102.66 


.999910 


.04 


.308884 


102.70 


.691116 


50 
49 


11 


8.314904 


101.22 


9.999907 


.04 


8.315046 


101.26 


11.684964 


12 


.821027 


99.82 


.999905 


.04 


.821122 


99.87 


.678878 


48 


13 


.327016 


98.47 


.999902 


.04 


.827114 


98.61 


.6728^6 


47 


14 


.332924 


97.14 


.999899 


.06 


.883025 


97.19 


.666976 


46 


15 


.338753 


95.86 


.999897 


.06 


.388856 


96.90 


.661144 


46 


16 


.344504 


94 60 


.999894 


.06 


.344610 


94.66 


.666390 


44 


17 


.350181 


93.38 


.999891 


.06 


.850289 


98.48 


.649711 


43 


18 


.855783 


92 19 


.999888 


.06 


.865896 


92.24 


.644106 


42 


19 


.361315 


91.03 


.999886 


.06 


.861430 


91.08 


.638670 


41 


20 


.366777 


89.90 


.999882 


.06 


.366896 


89.96 


.683106 


40 


21 


b.372171 


88.80 


9.999879 


.06 


8.372292 


88.86 


11.627708 


39 


22 


.877499 


87 72 


.999S76 


.05 


.377622 


87.77 


.622378 


88 


23 


.382762 


86.67 


.999873 


.06 


.382889 


66.72 


.617111 


87 


24 


.387962 


85.64 


.999870 


.06 


.388092 


86.70 


.611908 


86 


25 


.393101 


84.64 


.999867 


.05 


.893234 


84.70 


.606766 


86 


26 


.898179 


83.66 


.999864 


.06 


.898315 


83.71 


.601686 


84 


27 


.403199 


82 71 


.999861 


.06 


.403338 


82 76 


.696662 


83 


28 


.408161 


81.77 


.999868 


.06 


.408804 


81.82 


.691696 


82 


29 


.413068 


80.86 


.999854 


.06 


.413213 


80.91 


.686787 


81 


80 


.417919 


79.96 


.999851 


.0^ 


.418068 


80.02 


.681932 


80 


81 


8.422717 


79.09 


9.999848 


.06 


8.422869 


79.14 


11.677131 


29 


32 


.427462 


78.23 


.999844 


.06 


.427618 


78.80 


.672382 


28 


33 


.432156 


77.40 


.999841 


.06 


432316 


77.46 


.667685 


27 


34 


.436800 


76.57 


.999838 


.06 


.436962 


76.63 


.663038 


26 


85 


.441394 


75.77 


.999834 


.06 


.441560 


76.83 


.658440 


25 


86 


.445941 


74.99 


.999831 


.06 


.446110 


75.05 


.553890 


24 


87 


.450440 


74.22 


.^99827 


.06 


.450613 


74.28 


.649387 


23 


88 


.454893 


73.46 


.999823 


.06 


.455070 


7352 


.644930 


22 


89 


.459301 


72.73 


.999820 


.06 


.459481 


72.79 


.640519 


21 


40 


.463665 


72.00 


.999816 


.06 


.463849 


72.06 


.536151 


20 


41 


b.4t>/9b5 


71.2y 


9.9i^9bl2 


.09 


b.46bl72 


71.35 


11.531828 


19 


42 


.472263 


70.60 


.999809 


..06 


.472454 


70.66 


.527546 


18 


43 


.476498 


69.91 


.999805 


.06 


.476693 


69.98 


.623307 


17 


44 


.480693 


69.24 


.999801 


.06 


.480892 


69.31 


.519108 


16 


45 


.484848 


68.59 


.999797 


.07 


.486050 


68 65 


.514950 


15 


46 


.488963 


67.94 


.999793 


.07 


.489170 


68.01 


.610830 


14 


47 


.493040 


67.31 


.999790 


.07 


.493250 


67.38 


.606750 


13 


48 


.497078 


66.69 


.999786 


.07 


.497293 


66.76 


.602707 


12 


49 


.501080 


66.08 


.999782 


.07 


.501298 


66.15 


.498702 


11 


50 


505045 


65.48 


.999778 


07 


.505267 


65.55 


.494783 


10 


51 


b.50by V 4 


64.89 


9.999774 


.07 


8.509200 


64.96 


11.490800 9 1 


52 


.512867 


64 31 


.999769 


.07 


.513098 


64.39 


.486902 


8 


53 


.51G726 


63.75 


.999765 


.07 


.516961 


63.82 


.483039 


7 


54 


.5i0551 


63.19 


.999761 


.07 


.620790 


63.26 


.479210 


6 


65 


.524343 


62 64 


.999757 


.07 


.624586 


62.72 


.475414 


5 


56 


.528103 


62.11 


.999753 


.07 


.528349 


62.18 


.471651 


4 


57 


.531828 


61.58 


.999748 


.07 


.532080 


61.65 


.467920 8 


58 


.635523 


61.06 


.999744 


.07 


.535779 


61.13 


.464221 2 


59 


.539186 


60.55 


.999740 


.07 


.639447 


60.62 


.460553 1 


60 


.542819 


60.04 


.999735 


.07 


.543084 


60.12 


.456916 


! 


Cosine. 


»: 1 


Sine. 




Cotang. 


D. 1 


Tang. 1 M. 
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LOGABTEHMIC SINES, COSINES, 



M 


Sine. 


D. 


Cosine. 


D. 


f Tang. 


D. 


Cotang. 




"o" 


8.542819 


60.04 


9.999786 


.07 


8.643084 


60.12 


11.456916 


60 


1 


.546422 


69.65 


.999781 


.07 


.546691 


69.62 


.453309 


69 


2 


.549995 


69.06 


.999726 


.07 


.560268 


59.14 


.449732 


58 


8 


.563589 


68.58 


.999722 


.08 


.553817 


68.66 


.446183 


57 


4 


.667054 


68.11 


.999717 


.08 


.557336 


68.19 


.442664 


56 


5 


.560540 


67.65 


.999713 


.08 


.560828 


57.73 


.439172 


65 


6 


.563999 


67.19 


.999708 


.08 


.564291 


67.27 


.435709 


64 


7 


.567431 


66.74 


.999704 


.08 


.567727 


66.82 


.432273 


63 


8 


.570836 


56 30 


.999699 


.08 


.571137 


56.38 


.428863 


52 


9 


.574214 


66.87 


.999694 


.08 


.574520 


55.95 


.425480 


51 


10 


.677666 


66.44 


.999689 


.08 


.577877 


55.52 
~~55.T0~ 


.422123 
li:41879"2 


•50 
49 


11 


8.680892 


66 02 


9.999686 


.08 


8.581208 


12 


.584193 


54.60 


.999680 


.08 


.584514 


54.68 


.415486 


48 


13 


.587469 


64.19 


.999675 


.08 


.687795 


54.27 


.412205 


47 


14 


.590721 


63.79 


.999670 


.08 


.591051 


53.87 


.408949 


46 


16 


.593948 


63.39 


.999665 


.08 


.5942S3 


63.47 


.405717 


46 


16 


.597152 


53.00 


.999660 


.08 


.597492 


63.08 


.402508 


44 


17 


.600332 


52.61 


.999656 


.08 


.600677 


52.70 


.399323 


43 


18 


.608489 


52.23 


.999650 


.08 


.603839 


52.32 


.396161 


42 


19 


.606623 


51.86 


.999646 


.09 


.606978 


51.94 


.393022 


41 


20 


.609734 


51.49 


.999640 


.09 


.G10094 


51.58 


.389906 


40 
39" 


21 


8.612823 


51.12 


9.999635 


.09 


8.613189 


5121 


11 3S6811 


22 


.615891 


60.76 


.999629 


.09 


.616262 


60.85 


.383738 


38 


23 


.618937 


60.41 


.999624 


.09 


.619313 


50.50 


.380687 


37 


24 


.621962 


60.06 


.999619 


.09 


.622343 


50.15 


.377657 


36 


25 


.624965 


49.72 


.999614 


.09 


.625352 


49.81 


.374648 


35 


26 


.627948 


49.38 


.999608 


.09 


.628340 


49 47 


.371660 


34 


27 


.630911 


49.04 


.999603 


.09 


.631308 


49.13 


.368692 


33 


28 


.633854 


48.71 


.999597 


.09 


.634256 


48.80 


.365744 


32 


29 


.636776 


48.39 


.999592 


.09 


.637184 


48.48 


.362816 


31 


30 
31 


.639680 
8.642563 


48.06 


.999586 


.09 


.640093 


48.16 


.359907 


30 


47.76 


~X99958i 


09 


8.642982 


47.84 


11.357018 


29' 


32 


.645428 


47.43 


.999575 


09 


.645853 


47.53 


.354147 


28 


33 


.648274 


47.12 


.999570 


.09 


.648704 


47.22 


.351296 


27 


34 


.65J103 


46.82 


.999564 


.09 


.651537 


46.91 


.348463 


26 


85 


.653911 


46.62 


.999558 


.10 


.654352 


46.61 


.345648 


25 


36 


.656702 


46.22 


.999553 


.10 


•657149 


46.31 


.342851 


24 


37 


.669475 


45.92 


.999547 


.10 


.659928 


46.02 


.340072 


23 


38 


.6622-30 


45.63 


.999641 


.10 


.662689 


45.73 


.337311 


22 


39 


.664968 


45.35 


.999535 


.10 


.665433 


45.44 


.334567 


21 


40 


.667689 


45.06 


.999529 


.10 


.668160 


45.26 


.331840 


20 


41 


8.670393 


44.79 


9.999524 


.10 


8.670870 


44 88 


11 329130 


19 


42 


.673080 


44.51 


.999518 


.10 


•673563 


44.61 


.32 ;437 


18 


43 


.675751 


44.24 


.999512 


.10 


.676239 


44.34 


.323761 


17 


44 


.678405 


43.97 


.999606 


.10 


.678900 


44.17 


.321100 


16 


45 


.681043 


43.70 


.999500 


.10 


.681544 


43.80 


.818456 


15 


46 


.683665 


43.44 


.999493 


.10 


.684172 


43.54 


.315828 


14 


47 


.686272 


43.18 


.999487 


.10 


.686784 


43.28 


.813216 


13 


48 


.688863 


42.92 


.999481 


.10 


.689381 


43.03 


.310619 


12 


49 


.691438 


42.67 


.999475 


.10 


.691963 


42.77 


.808037 


11 


50 
51 


.693998 
8 696543 


42.42 
42.17 


.999469 


.10 


.694529 


42.52 


.305471 


10 
9 


9.999463 


.11 


8 697081 


42.28 


11302919 


52 


.699073 


41.92 


.999456 


.11 


.699617 


42.03 


.300383 


8 


53 


.70^589 


41.68 


.999450 


.11 


.702139 


41.79 


.297861 


7 


54 


.t04090 


41.44 


.999443 


.11 


.704646 


41.55 


.295354 


6 


65 


.706577 


41.21 


.999437 


.11 


.707140 


41.32 


.292860 


5 


56 


.709049 


40.97 


.999431 


.11 


.709618 


41.08 


.290382 


4 


57 


.711607 


40.74 


.999424 


.11 


.712083 


40.85 


.287917 


8 


58 


.713962 


40.51 


.999418 


.11 


.714534 


40.62 


.285465 


2 


59 


.716383 


40.29 


.999411 


.11 


.716972 


40.40 


.283028 


1 


60 


.718800 


40.06 


.999404 


.11 


.719396 


40.17 


.280604 







1 Cosine. 


D. 


Sine. 




Cotang. 


D. 


Tang. 


2L 



870 



TANGENTS, AND COTANGKNTS. 



21 



M. 


Sine. 


D. 


Cosine. 


D. 


Tang. 


D. 


1 Cotang. 
11.280604 


"60" 


"o" 


8.718800 


40.06 


9.999404 


.11 


8.719396 


40.17 


1 


.721204 


39.84 


.999398 


.11 


.721806 


39.96 


.278194 


59 


2 


.723595 


39.62 


.999891 


.11 


.724204 


39.74 


.275796 


68 


3 


.725972 


39.41 


.999384 


.11 


.726588 


89.52 


.273412 


57 


4 


.728337 


39.19 


.999378 


.11 


.728959 


39.30 


.271041 


66 


5 


.780688 


88 98 


.999371 


.11 


.731317 


89.09 


.268683 


65 


6 


.733027 


38.77 


.999364 


.12 


.733663 


38.89 


.266387 


64 


7 


.735354 


88.57 


.999367 


.12 


.735996 


38.68 


.264004 


63 


8 


.787667 


38.36 


.999360 


.12 


.788317 


88.48 


.261683 


62 


9. 


.739969 


88.16 


.999343 


.12 


.740626 


88.27 


.259374 


51 


10 


.742259 


87.96 


.999336 


.12 


.742922 


38.07 


.257078 


50 
49 


11 


8.744536 


87.76 


9.999329 


.12 


8.745207 


87.87 


11.264793 


12 


.746802 


.37 56 


.999322 


.12 


.747479 


87.68 


.262521 


48 


13 


.749055 


87.37 


.999316 


.12 


.749740 


87.49 


.250260 


47 


14 


.751297 


37.17 


.999308 


.12 


.751989 


87.29 


.248011- 


•46* 


15 


.753528 


86.98 


.999301 


.12 


.754227 


87.10 


.245773 


46 


16 


.755747 


36.79 


.999294 


.12 


.766463 


86.92 


.248547 


44 


17 


.757956 


36.61 


.999286 


.12 


.758668 


86.73 


.241832 


43 


18 


.760151 


36.42 


.999279 


.12 


.760872 


36.55 


.239128 


42 


19 


.762337 


36.24 


.999272 


.12 


.763066 


36.36 


.236986 


41 


20 


.764511 


86.06 


.999266 


.12 


.766246 


36.18 


.284754 


40 


21 


8.766676 


36.88 


9.999267 


.12 


8.767417 


86.00 


11.232583 


39 


22 


.768828 


86 70 


.999260 


.13 


.769678 


86.83 


.280422 


88 


23 


.770970 


35.63 


.999242 


.13 


.771727 


86.66 


.228273 


87 


24 


.773101 


36.86 


.999235 


.13 


.773866 


86.48 


.226184 


36 


26 


.775223 


86.18 


.999227 


.13 


.776995 


86.31 


.224005 


36 


26 


.777383 


35.01 


.999220 


.18 


.778114 


35.14 


.221886 


84 


27 


.779484 


84.84 


.999212 


.13 


.780222 


34.97 


.219778 


83 


28 


.781524 


84.67 


.999205 


.13 


.782820 


84.80 


.217680 


82 


29 


.783606 


34.61 


.999197 


.13 


.784408 


84 64 


.216692 


81 


30 


.785676 


34.31 


.999189 


.18 


.786486 


34.47 


.213614 


80 


31 


8.787736 


34.18 


9.999181 


.13 


8.788554 


84.31 


11.211446 


29 


82 


.789787 


34.02 


.999174 


.13 


.790613 


34.16 


.209387 


28 


33 


.791828 


83.86 


.999166 


.13 


792662 


33.99 


.207338 


27 


M 


.793859^ 


, 33.70 


.999168 


.13 


.794701 


33.88 


.205299 


26 


35 


.796881 


33.54 


.999160 


.13 


.796731 


33.68 


.203269 


25 


36 


.797894 


33.39 


.999142 


.13 


.798752 


83.52 


.201248 


24 


37 


.799897 


33.28 


.999134 


.18 


.800763 


83.37 


.199237 


23 


38 


.801892 


33.08 


.999126 


.18 


.802765 


83.22 


.197236 


22 


39 


.803876 


82.93 


.999118 


.13 


.804758 


33.07 


.196242 


21 


40 


.805852 


32.78 


.999110 


.13 


.806742 


32.92 


.193258 


20 


41 


8.807819 


32.63 


9.999102 


.13 


8.808717 


32.78 


11.191283 


19 


42 


.809777 


82.49 


.999094 


.14 


.810683 


32.62 


.189317 


18 


43 


.811726 


32.34 


.999086 


.14 


.812641 


32.48 


.187359 


17 


44 


.813667 


82.19 


.999077 


.14 


.814589 


82.33 


.185411 


16 


45 


.816599 


32.05 


.999069 


.14 


.816529 


32.19 


.183471 


16 


46 


.817522 


81.91 


.999061 


.14 


.818461 


32.05 


.181539 


14 


47 


.819436 


31.77 


.999063 


.14 


.820384 


31.91 


.179616 


13 


48 


.821343 


31.63 


.999044 


.14 


.822298 


81.77 


.177702 


12 


49 


.823240 


31.49 


.999036 


.14 


.824205 


31.63 


.176796 


11 


50 


.825130 


31.36 


.999027 


.14 


.826103 


81.50 


.173897 


10 


51 


8.827011 


3122 


9.999019 


.14 


8.827992 


31.36 


11.172u(t8 


9 


52 


.828884 


81.08 


.999010 


.14 


.829874 


31.23 


.170126 


8 


53 


.830749 


80.96 


.999002 


.14 


.831748 


81.10 


.168252 


7 


54 


.832607 


80.82 


.998993 


.14 


.833613 


80.96 


.166387 


6 


55 


.834466 


80.69 


.998984 


.14 


.836471 


80.83 


.164529 


6 


56 


.836297 


30.66 


.998976 


.14 


.887321 


30.70 


.162679 


4 


57 


.838130 


30.43 


.998967 


.15 


.839163 


80.57 


.160837 


8 


58 


.839956 


30.30 


.998958 


.16 


.840998 


30.45 


.159002 


2 


59 


.841774 


80.17 


.998950 


.15 


.842826 


30.32 


.157176 


1 


60 


.843586 


80.00 


.998941 


.16 


.844644 


30.19 


.155356 1 


^1 Cosine. 


D. 


Sine. 1 


Cotang. 


D. 1 


Tang. 1 


M.| 






12 
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LOOABITHMIC SINES, COSINiS, 



M 


Sine. 


D 


Cosine. 


D. 


Tang. 


D.. 


Cotang. 







8.843585 


30.05 


9.998941 


.15 


8.844644 


80.19 


11.155356 


"60 


1 


.845387 


29.92 


.998932 


.15 


.846456 


30.07 


.153545 


69 


2 


.847183 


29.80 


.998923 


.15 


.848260 


29.95 


.151740 


68 


3 


.848971 


29.67 


.998914 


.16 


.850067 


29.82 


.149943 


67 


4 


.850751 


29.55 


.998906 


.16 


.861846 


29.70 


.148154 


56 


6 


.852525 


29.43 


.998896 


.16 


.853628 


29.68 


.146372 


65 


6 


.854291 


29.31 


.998887 


.16 


.855403 


29.46 


.144597 


64 


7 


.856049 


29.19 


.998878 


.16 


.867171 


29.35 


.142829 


53 


8 


.857801 


29.07 


.998869 


.16 


.868932 


29.28 


. .141068 


62 


9 


.859546 


28.96 


.998860^.16 


.860686 


29.11 


.139314 


61 


10 


.861288 


28.84 


.998861 


.16 


.862433 


29.00 


.137567 


50 


11 


8.863014 


28.73 


9.998841 


.16 


8.864178 


28.88 


11.135827 


49 


12 


.864738 


28.61 


.998832 


.16 


.866906 


28.77 


.134094 


48 


13 


.866466 


28.50 


.998823 


.16 


.867632 


28.66 


.132368 


47 


14 


.868165 


28.39 


.998813 


.16 


.869351 


28.54 


.130649 


46 


15 


.869868 


28.28 


.998804 


.16 


.871064 


28.43 


.128936 


45 


16 


.871666 


28.17 


.998796 


.16 


.872770 


28.32 


.127230 


44 


17 


.873256 


28.06 


.998786 


.16 


.874469 


28.21 


.125531 


43 


18 


.874938 


27.96 


.998776 


.16 


.876162 


28.11 


.123838 


42 


19 


.376615 


27.86 


.998766 


.16 


.877849 


28.00 


.122151 


41 


20 


.878286 


27.78 


.998757 


.16 


.879529 


27.89 


.120471 


40 


21 


8.879949 


27.63 


9.998747 


.16 


8.881202 


27.79 


11.118798 


39 


22 


.881607 


27.62 


.998738 


.16 


.882869 


27.68 


.117131 


38 


23 


.883268 


27.42 


.998728 


.16 


.884530 


27.58 


.115470 


37 


24 


.884903 


27.31 


.998718 


.16 


.886185 


27.47 


J13815 


36 


25 


.886542 


27.21 


.998708 


.16 


.887833 


27.37 


.112167 


86 


26 


.888174 


27.11 


.998699 


.16 


.889476 


27 27 


.110524 


84 


27 


.889801 


27.00 


.998689 


.16 


.891112 


27.17 


.108888 


33 


28 


.891421 


26.90 


.998679 


.16 


.892742 


27.07 


.107258 


82 


29 


.893035 


26.80 


.998669 


.17 


.894366 


26.97 


.105634 


31 


30 


.894643 


26.70 


.998659v 


.17 


.895984 


26.87 


.104016 


80. 


31 


8.896246 


26.60 


9.998649 


\17 


8.897596 


. 26.77 


11.102404 


29 


32 


.897842 


26.51 


.998639 


.17 


.899203 


26.67 


.100797 


28 


33 


.899432 


26.41 


.998629 


.17 


.900803 


26.58 


.099197 


27 


34 


.901017 


26.31 


.998619 


.17 


.902398 


26.48 


.097602 


26 


35 


.902596 


26.22 


.998609 


.17 


.903987 


26.38 


.096013 


25 


36 


.904169 


26.12 


.998599 


.17 


.905570 


26.29 


.094430 


24 


37 


.905736 


26.03 


.998589 


.17 


.907147 


26.20 


.092853 


23 


38 


.907297 


25.93 


.998578 


.17 


.908719 


26.10 


.091281 


22 


39 


.908853 


25.84 


.998568 


.17 


.910285 


26.01 


.089716 


21 


40 


.910404 


26.76 


.998558 


.17 


.911846 


26.92 


.088164 


20 


41 


8.911949 


25.66 


8.998548 


.17 


8.913401 


26.88 


ir086599~ 


19 


42 


.913488 


26.66 


.998537 


.17 


.914961 


25.74 


.085049 


18 


43 


.915022 


26.47 


.998527 


.17 


.916496 


25.66 


.083506 


17 


44 


.916550 


26.38 


.998516 


.18 


- .918034 


25.66 


.081966 


16 


45 


.918073 


25.29 


.998506 


.18 


.919568 


25.47 


.080432 


15 


46 


.919591 


25.20 


.998496 


.18 


.921096 


25.38 


.078904 


14 


47 


.921103 


25.12 


.998485 


.18 


.922619 


25.30 


.077381 


13 


48 


.922610 


25.03 


.998474 


.18 


.924136 


25.21 


.075864 


12 


49 


.924112 


24.94 


.998464 


.18 


.925649 


25.12 


.074351 


11 


{JO 


.926609 


24.86 


.998453 


.18 


.927156 


25.03 


.072844 


10 


51 


8.927100 


24.77 


9.998442 


.18 


8.928658 


24 95 


11.071342 


9 


52 


.928587 


24.69 


.998431 


.18 


.930156 


24.86 


.069845 


8 


53 


.930068 


24.60 


.998421 


.18 


.931647 


24.78 


.068353 


7 


54 


.931544 


24.52 


.998410 


.18 


.933134 


24.70 


.066866 


6 


55 


.933016 


24.43 


.998399 


.18 


.934616 


24.61 


.065384 


6 


56 


.934481 


24.35 


.998388 


.18 


.936093 


24.63 


.063907 


4 


67 


.935942 


24.27 


.998377 


.18 


.937566 


24.46 


.062436 


8 


58 


.937398 


24.19 


.998366 


.18 


.939032 


24.37 


.060968 


2 


59 


.938850 


24.11 


.998355 


.18 


.940494 


24.30 


.059506 


1 


60 


.940296 


24.03 


.998344 


.18 


.941952 


24.21 


.058048 





Cosine. . 


D. 


Sine. 


Cotang. 


D. 


Tang. |M.| 



05© 



TANGENTS, AND COTANGENTS. 



23 



M. 


Sine. 


D. 


Cosine. 


D. 


Tang. 


D. 


Cotang. 







8.94U296 


24.03 


9.998344 


.19 


8.941952 


24.21 


11.058048 


^r 


1 


.941738 


23.94 


.998333 


.19 


.943404 


24.13 


.056596 


59 


2 


.943174 


23.87 


.998322 


.19 


.944852 


24.05 


.055148 


68 


3 


.944606 


23.79 


.998311 


.19 


.946295 


23.97 


.053705 


67 


4 


.946034 


23.71 


.998300 


.19 


.947734 


23.90 


.052266 


66 


5 


.947456 


23 63 


.998289 


.19 


.949168 


23.82 


.050832 


55 


6 


.948874 


23.65 


.996277 


.19 


.950597 


23.74 


.049403 


54 


7 


.950287 


23.48 


.998266 


.19 


.952021 


23.66 


.047979 


53 


8 


.951696 


23.40 


.998255 


.19 


.953441 


23.60 


.046559 


52 


9 


.953100 


23.32 


.998243 


.19 


.954856 


28.51 


.045144 


51 


10 


.954499 


23.25 


.998232 


.19 


.956267 


23.44 


.043738 


50 
49~ 


11 


8.955894 


23.17 


9.998220 


.19 


8.957674 


23.37 


11.042326 


12 


.957284 


23.10 


.998209 


.19 


.959075 


23.29 


.040925 


48 


13 


.958670 


23.02 


.998197 


.19 


.960473 


23.23 


.039527 


47 


14 


.960052 


22.95 


.998186 


.19 


.961866 


23.14 


.038134 


46 


15 


.961429 


22.88 


.998174 


.19 


.963255 


23.07 


.036745 


45 


16 


.962S01 


22.80 


.998163 


.19 


.964639 


23.00 


.035361 


44 


17 


.964170 


22.78 


.998151 


.19 


.966019 


22.93 


.033981 


43 


18 


.965534 


22.66 


.998139 


.20 


.967394 


22.86 


.032606 


42 


19 


.966893 


22.59 


.998128 


.20 


.968766 


22.79 


.031234 


41 


20 


.968249 


22.52 


.998116 


.20 


.970133 


22.71 


.029867 


40 
89 


21 


8.969600 


22.44 


9.99b 104 


.20 


8.971496 


22.65 


11.028504 


22 


.970947 


22.38 


.998092 


.20 


.972855 


22.57 


.027145 


88 


23 


.972289 


22.31 


.998080 


.20 


.974209 


22.51 


.025791 


37 


24 


.973628 


22.24 


.998068 


.20 


.975560 


22 44 


.024440 


36 


25 


.974962 


22.17 


.998056 


.20 


.976906 


22.87 


.023094 


35 


26 


.976293 


22.10 


.998044 


.20 


.978248 


22.30 


.021752 


84 


27 


.977619 


22.03 


.998032 


.20 


.979586 


22.23 


.020414 


83 


28 


.978941 


21.97 


.998020 


.20 


.980921 


22.17 


.019079 


82 


29 


.980259 


21.90 


.998008 


.20 


.982261 


22 10 


.017749 


31 


30" 


.981573 


21.83 


.997996 


.20 


.983577 


22.04 


.016423 


80 


31 


8.982tt3 


21.77 


9.997985 


.20 


8.984899 


21.97 


11.015101 


29 


82 


.984189 


21.70 


.997972 


.20 


.986217 


21.91 


.013783 


28 


33 


.985491 


21.63 


.997959 


.20 


987532 


21.84 


.012468 


27 


34 


.986789 


21.57 


.997947 


.20 


.988842 


21.78 


.011158 


26 


35 


.988083 


21.50 


.997935 


.21 


.990149 


21.71 


.009851 


25 


36 


.989374 


21.44 


.997922 


.21 


.991451 


21.65 


.008549 


24 


37 


.990060 


21.38 


.997910 


.21 


.992750 


21.58 


.0072C0 


23 


38 


.991943 


21.31 


.997897 


.21 


.994045 


21.52 


.005955 


22 


39 


.993222 


21.26 


.997885 


.21 


.995337 


21.46 


.004663 


21 


40 


.994497 


21.19 


.997872 


.21 


.996624 


21.40 


.003376 


20 


41 


8.995768 


21.12 


9.997860 


.21 


8.997908 


21.34 


11.002092 


19 


42 


.997036 


21.06 


.997847 


.21 


.999188 


21.27 


.000812 


18 


43 


.998299 


21.00 


.997835 


.21 


9.000465 


21.21 


10.999535 


17 


44 


.999560 


20.94 


.997822 


.21 


.001738 


21.16 


.998262 


16 


45 


9.000816 


20.87 


.997809 


.21 


.003007 


21.09 


.996993 


15 


46 


.002069 


20.82 


.997797 


.21 


.004272 


21.03 


.995728 


14 


47 


.003318 


20.76 


.997784 


.21 


.005534 


20.97 


.994466 


13 


48 


.004563 


20.70 


.997771 


.21 


.006792 


20.91 


.993208 


12 


49 


.005805 


20.64 


.997758 


.21 


.008047 


20.86 


.991953 


11 


50 


.007044 


20.58 


.997745 


.21 


.009298 


20.80 


.990702 


10 


51 


9.008278 


20.52 


9.997732 


.21 


9.010546 


20.74 


10.989454 


9 


52 


.009510 


20.46 


.997719 


.21 


.011790 


20.68 


.988210 


8 


53 


.010737 


20.40 


.997706 


.21 


.013031 


20.62 


.986969 


7 


54 


.011962 


20.34 


.997693 


.22 


.014268 


20.56 


.985732 


6 


55 


.013182 


20.29 


.997680 


.22 


.015502 


20.51 


.984498 


5 


56 


.014400 


20.23 


.997667 


.22 


. .016732 


20.46 


.983268 


4 


57 


.015613 


20.17 


.997654 


.22 


.017959 


20.40 


.982041 


8 


58 


.016824 


20.12 


.997G41 


.22 


.019183 


20.33 


.980817 


2 


59 


.018031 


20.06 


.997628 


.22 


.020403 


20.28 


.979597 


1 


60 


.019236 


20.00 


.997614^ 


^^22 


.021620 


20.23 


.978380 







Cosine. 


D. 1 


Sine. 




Cotang. 


D. 1 


Tang. 1 


M. 



84» 



24 



LOGABTEHMIC SINES, COSINES, 



M 


Sine. 


D 


Cosine. 


1 D. 


Tang. 


D. 


Cotang. 




o" 


9.0lU2a5 


20.00 


9.9i*7614 


.22 


9.021620 


20.23 


10.978380 


60 


1 


.020435 


19.95 


.997601 


.22 


.022834 


20.17 


.977166 


59 


2 


.021632 


19.89 


.997588 


.22 


.024044 


20.11 


.975956 


58 


8 


.022825 


19.84 


.997574 


.22 


.025251 


20.06 


.974749 


57 


4 


.024016 


19.78 


.997561 


.22 


.026455 


20.00 


.973545 


56 


6 


.025203 


19.73 


.997547 


.22 


.027655 


19.95 


.972345 


55 


6 


.026386 


19.67 


.997534 


.23 


.028852 


19.90 


.971148 


54 


7 


.027567 


19.62 


.997520 


.23 


.030046 


19.86 


.969954 


53 


8 


.028744 


19.57 


.997507 


.23 


.031237 


19.79 


.968763 


52 


9 


.029918 


19.51 


.997493 


.23 


.032425 


19.74 


.967575 


61 


10 


.031089 


19.47 


.997480 


.23 


.033609 


19.69 


.966391 


60 


11 


9.032257 


19.41 


9.997466 


.23 


9.034791 


19.64 


10.965209 


49 


12 


.033421 


19.36 


.997452 


.28 


.035969 


19.58 


.964031 


48 


13 


.034582 


19.30 


.997439 


.23 


.037144 


19.53 


.962856 


47 


14 


.035741 


19.26 


.997425 


.23 


.038316 


19.48 


.961684 


46 


15 


.036896 


19.20 


.997411 


.23 


.039485 


19.43 


.960516 


45 


16 


.038048 


19.15 


.997397 


.23 


.040651 


19.38 


.959349 


44 


17 


.039197 


19.10 


.997388 


.23 


.041813 


19.33 


.958187 


43 


18 


.040342 


19.05 


.997369 


.23 


.042973 


19.28 


.957027 


42 


19 


.041485 


18.99 


.997355 


.23 


.044130 


19.23 


.955870 


41 


20 


.042625 


18.94 


.997341 


.23 


.045284 


19.18 


.954716 


40 
89 


21 


9.043762 


18.89 


9.997327 


.24 


9.046434 


19.13 


10.953566 


22 


.044895 


18.84 


.997313 


.24 


.047582 


19.08 


.952418 


88 


23 


.046026 


18.79 


.997299 


.24 


.048727 


19.03 


.951273 


37 


24 


.047154 


18.76 


.997286 


.24 


.049869 


18.98 


.950131 


86 


25 


.048279 


18.70 


.997271 


.24 


.051008 


18.93 


.948992 


85 


26 


.049400 


18.66 


.997267 


.24 


.052144 


18.89 


.947856 


84 


27 


.050519 


18.60 


.997242 


.24 


.053277 


18.84 


.946723 


33 


28 


.051635 


18.55 


.997228 


.24 


.054407 


18.79 


.945593 


32 


29 


.052749 


18.50 


.997214 


.24 


.055535 


18.74 


.944465 


31 


30 


.053859 


18.46 


.997199 


.24 


.056659 


18.70 


.943341 


80 
29 


31 


9.054966 


18.41 


9.997185 


.24 


9.057781 


18.65 


10.942219 


32 


,056071 


18.36 


.997170 


.24 


.058900 


18 69 


.941100 


28 


33 


.057172 


18.31 


.997156 


.24 


.060016 


18.55 


.939984 


27 


34 


.058271 


18.27 


.997141 


.24 


.061130 


18.51 


.938870 


26 


35 


.059367 


18.22 


.997127 


.24 


.062240 


18.46 


.937760 


25 


36 


.060460 


18.17 


.997112 


.24 


.063348 


18.42 


.936652 


24 


37 


.061551 


18.13 


.997098 


.24 


.064453 


18.37 


.935547 


23 


38 


.062639 


18.08 


.997083 


.25 


.065556 


18 33 


.934444 


22 


39 


.063724 


18.04 


.997068 


.25 


.066655 


18.28 


.933345 


21 


40 


.064806 


17.99 


.997053 


.25 


.067752 


18.24 


.932248 


20 


41 


9.065885 


17.94 


9.997039 


.25 


9.068846 


18.19 


10.931154 


19 


42 


.066962 


17.90 


.997024 


.26 


.069938 


18.16 


.930062 


18 


43 


.068036 


17.86 


.997009 


.26 


.071027 


18.10 


.928973 


17 


44 


.069107 


17.81 


.996994 


.25 


.072113 


18.06 


.927687 


16 


45 


.070176 


17.77 


.996979 


.25 


.073197 


18.02 


.926803 


15 


46 


.071242 


17.72 


.996964 


.26 


.074278 


17.97 


.925722 


14 


47 


.072306 


17.68 


.996949 


.26 


.075356 


17.93 


.924644 


13 


48 


.073366 


17.63 


.996934 


.26 


.076432 


17.89 


.923568 


12 


49 


.074424 


17.59 


.996910 


.25 


.077505 


17.84 


.922495 


11 


50 


.076480 


17.56 
17.50 


.996904 


.25 


.078576 


17.80 


.921424 


,10 
9 


51 


9.076533 


9.996889 


.25 


9.079644 


17.76 


10.920356 


52 


.077583 


17.46 


.996874 


.25 


.080710 


17.72 


.919290 


8 


53 


.078631 


17.42 


.996858 


.25 


.081773 


17.67 


.918227 


7 


54 


.079676 


17.38 


.996843 


.25 


.082833 


17.63 


.917167 


6 


55 


.080719 


17.33 


.996828 


.25 


.083891 


17.59 


.916109 


6 


56 
57 


.081759 


17.29 


.996812 


.26 


.084947 


17.66 


.915053 


4 


.082797 


17.25 


.996797 


.26 


.086000 


17 51 


.914000 


3 


58 


.083832 


17.21 


.996782 


.26 


.087050 


17.47 


.912950 


2 


59 


.084864 


17.17 


.996766 


.26 


.088098 


17.43 


.911902' 


1 


60 


.085894 


17.13 


.996751 


.26 


.089144 


17.38 


.910856 







Cosine. 


1 P- 1 


Sine. 




Cotang. 


1 D. 


1 Tang. 


M. 



830 



TANGENTS, AND COTANGENTS. 



25 



M. 


Sine. 


D. 


Cosine. 


D. 


Tnng. 


D. 


Cotang. 




"o- 


9.085894 


17.13 


9.996761 


"IT 


9.089144 


17.88 


10.910856 


To" 


1 


.086922 


17.09 


.996736 


.26 


.090187 


17.34 


.909613 


59 


2 


.087947 


17.04 


.996720 


.26 


.091228 


17.80 


.908772 


58 


3 


.088970 


17.00 


.996704 


.26 


.092266 


17.27 


.907734 


57 


4 


.089990 


16 96 


.996688 


.26 


.098802 


17.22 


.906698 


66 


5 


.091008 


16.92 


.996678 


.26 


.094886 


17.19 


.906664 


66 


6 


.092024 


16.88 


.996657 


.26 


.095867 


17.16 


.904688 


64 


7 


.098037 


16.84 


.996641 


.26 


.096896 


17.11 


.908606 


68 


8 


.094047 


16.80 


.996625 


.26 


.097422 


17.07 


.902578 


62 


9 


.095056 


16.76 


.996610 


.26 


.098446 


17.08 


.901664 


61 


10 


.096062 


16.73 


.996594 


.26 


.099468 


16.99 


.900632 


60 


11 


9.097065 


16 68 


9.996578 


.27 


9.100487 


16 96 


10.899513 


49 


12 


.098066 


16.65 


.996562 


.27 


.101604 


16.91 


.898496 


48 


18 


.099065 
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.243947 


11.81 


.993217 


.38 


.250780 


12.18 


.749270 


64 


7 


.244656 


11.79 


.993196 


.88 


.251461 


12.17 


.748539 


63 


8 


.245363 


11.77 


.993172 


.88 


.26219K 


" 12.15 


.747809 


62 


9 


.246069 


11.75 


.993149 


.88 


.252920 


12.13 


.747080 


61 


10 


.246776 


11.73 


.993127 


.88 


.263648 


12.11 


.746352 


60 


11 


9.247478 


11.71 


£r.993l04 


.88 


9.254374 


12.09 


10.746626 


49 


12 


.248181 


11.69 


.993081 


.88 


.255100 


12.07 


.744900 


48 


13 


.248883 


11.67 


.998059 


.88 


.266824 


12.05 


.744176 


47 


14 


.249583 


11.66 


.993036 


.88 


.256647 


12.08 


.743463 


46 


15 


.250282 


11.63 


.993013 


.88 


.267269 


12.01 


.742781 


46 


16 


.250980 


11.61 


.992990 


.38 


.257990 


12.00 


.742010 


44 


17 


.251677 


11.59 


.992967 


.88 


.258710 


11.98 


.741290 


43 


18 


.252373 


11.58 


.992944 


.88 


.259429 


11.96 


.740571 


42 


19 


.253067 


11.66 


.992921 


.88 


.260146 


1194 


.739854 


41 


20 
21 


.253761 


11.64 


.992898 


.88 


.260863 


11.92 


.739137 


40 


9.254453 


11.52 


9.992875 


.88 


9.261578 


11.90 


10.788422 


89 


22 


.255144 


11.60 


.992852 


.88 


.262292 


11.89 


.787708 


88 


23 


.255834 


11.48 


.992829 


.89 


.263005 


11.87 


.736996 


37 


24 


.256523 


11.46 


.992806 


.89 


.263717 


11.85 


.736283 


86 


25 


.257211 


11.44 


.992783 


.89 


.264428 


11.83 


.785572 


86 


26 


.257898 


11.42 


.992759 


.89 


.265138 


11.81 


.784862 


84 


27 


.258583 


11.41 


.992736 


.89 


.266847 


11.79 


.784153 


33 


28 


.259268 


11.89 


.992713 


.89 


.266555 


11.78 


.733445 


82 


29 


.259951 


11.87 


.992690 


.89 


.267261 


11.76 


.732739 


81 


30 


.260633 


11.35 


.992666 


.39 


.267967 


11.74 


.732033 


80 


81 


9.261314 


11.33 


9.992643 


.89 


9268671 


11.72 


10.731329 


29 


82 


.261994 


11.31 


.992619 


.89 


.269375 


11.70 


.730626 


28 


33 


.262673 


11.80 


.992596 


.39 


.270077 


11.69 


.729928 


27 


84 


.263351 


11.28 


.992572 


.39 


.270779 


11.67 


.729221 


26 


85 


.264027 


11.26 


.992549 


.39 


.271479 


11.66 


.728521 


26 


86 


.264703 


11.24 


.992525 


.89 


.272178 


11.64 


.727822 


24 


37 


.265377 


11.22 


.992501 


.89 


.272876 


11.62 


.727124 


28 


88 


.266051 


11.20 


.992478 


.40 


.273573 


11.60 


.726427 


22 


89 


.266723 


11.19 


.992454 


.40 


.'^74269 


11.68 


.725731 


21 


r40 

41 


.267395 


11.17 


.992430 


.40 


.274964 


1157 


.725036 


20 


9.268065 


11.15 


9.992406 


.40 


9.275658 


11.55 


10 724342 


19 


42 


.268734 


11.13 


.992382 


.40 


.276351 


11.63 


.723649 


18 


43 


.269402 


11.11 


.992359 


.40 


.277043 


11.51 


.722957 


17 


44 


.270069 


11.10 


.992335 


.40 


.277734 


11.50 


.722266 


16 


45 


.270735 


11.08 


.992311 


.40 


.278424 


11.48 


.721676 


16 


46 


.271400 


11.06 


.992287 


.40 


.279113 


11.47 


.720887 


14 


47 


.272064 


11.05 


.992263 


.40 


.279801 


11.45 


.720199 


13 


48 


.272726 


11.03 


.992239 


.40 


.280488 


11.43 


.719512 


12 


49 


.273388 


11.01 


.992214 


.40 


.281174 


11.41 


.718826 


11 


50 
51 


.274049 


10.99 


.992190 


.40 


.281858 
9.282542 


11.40 


.718142 


10 
9 


9.274708 


10.98 


9.992166 


.40 


11.38 


10.717458 


52 


.275367 


10.96 


.992142 


.40 


.283225 


11.36 


.716776 


8 


53 


.276024 


10.94 


.992117 


.41 


.283907 


11.86 


.716098 


7 


54 


.276681 


10.92 


.992093 


.41 


.284588 


11.33 


.715412 


6 


55 


.277337 


10.91 


.992069 


.41 


.285268 


11.31 


.714732 


6 


56 


.277991 


10.89 


.992044 


.41 


.285947 


1130 


.714053 


4 


57 


.278644 


10.87 


.992020 


.41 


.286624 


11.28 


.718376 


3 


58 


.279297 


10.86 


.991996 


.41 


.287301 


11.26 


.712699 


2 


59 


.279948 


10.84 


.991971 


.41 


.287977 


11.26 


.712023 


1 


60 


.280599 


10.82 


.991947 


.41 


.288652 


11.23 


711848 
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D. 


Sine. 




Cotang. 


1 D. 


Tang. 
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M. 


Sine. 


D. 


Cosine. 


D. 


Tang. 


D. 


Cotnng. 







9.2b0599 


10.b2 


9.991947 


.41 


9.288662 


11.28 


10.71la48 


60 


1 


.281248 


10.81 


.991922 


.41 


.289326 


11.22 


.710674 


59 


2 


.281897 


10.79 


.991897 


.41 


.289999 


11.20 


.710001 


68 


3 


.282544 


10.77 


.991873 


.41 


.290671 


11.18 


.709329 


67 


4 


.283190 


10 76 


.991848 


.41 


.291342 


11.17 


.708658 


56 


6 


.283836 


10.74 


.991823 


.41 


.292013 


11.16 


.707987 


55 


6 


.284480 


10.72 


.991799 


.41 


.292682 


11.14 


.707318 


64 


7 


.285124 


10.71 


.991774 


.42 


.293360 


11.12 


.706650 


53 


8 


.285766 


10.69 


.991749 


.42 


.294017 


11.11 


.705983 


62 


9 


.286408 


10.67 


.991724 


.42 


.294684 


11.09 


.705316 


51 


10 


.287048 


10.66 • 


.991699 


.42 


.296349 


11.07 


.704651 


50 


11 


9.2b76b7 


10.64 


9.991674 


.42 


9.296013 


11.06 


10.703987 


49 


12 


.288326 


10.63 


.991649 


.42 


.296677 


11.04 


.703323 


48 


13 


.288964 


10.61 


.991624 


.42 


.297339 


11.03 


.702061 


47 


14 


.289600 


10.69 


.991599 


.42 


.298001 


11.01 


.701999 


46 


15 


.290236 


10.58 


.991574 


.42 


.298662 


11.00 


.701338 


45 


16 


.290870 


10.56 


.991649 


.42 


.299322 


10.98 


.700678 


44 


17 


.291504 


10.54 


.991524 


.42 


.299980 


10.96 


.700020 


43 


18 


.292137 


10.58 


.991498 


.42 


.800638 


10 95 


.699362 


42 


19 


.292768 


10.51 


.991473 


.43 


.301295 


10.98 


.698706 


41 


20 


.293399 


10.50 


.991448 


.42 


.301951 


10.92 


.698049 


40 
39 


21 


9.294029 


1048 


9.991422 


.42 


9.302t;07 


10.90 


10.697393 


22 


.294658 


10.46 


.991397 


.42 


.303261 


10.89 


.696739 


38 


23 


.295286 


10.45 


.991372 


.43 


.303914 


10.87 


.696066 


37 


24 


.295913 


10.43 


.991346 


.43 


.304567 


10.86 


.695433 


36 


26 


.296539 


10.42 


.991321 


.43 


.305218 


10.84 


.694782 


35 


26 


.297164 


10.40 


.991296 


.43 


.305869 


10.88 


.694131 


34 


27 


.297788 


1039 


.991270 


.43 


.306519 


10.81 


.693481 


33 


28 


.298412 


10.37 


.991244 


.43 


.807108 


10.80 


.692832 


32 


29 


.299034 


10.36 


.991218 


.43 


.307815 


10.78 


.692185 


31 


30 


.299655 


10.34 


.991193 


.43 


.806463 


10 77 


.691537 


30 
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31 


9.300276 


10.32 


9.99 116K 


1.43 


9.809169 


10.75 


10.690891 


32 


.300895 


10.31 


.991141 


.43 


.309764 


10.74 


.690246 


28 


33 


.301514 


10.29 


.991116 


.43 


.310398 


10.78 


.689602 


27 


34 


.802132 


10.28 


.991090 


.43 


.311042 


10.71 


.688968 


26 


35 


.802748 


10.26 


.991064 


.43 


.311685 


10.70 


.688316 


26 


36 


.303364 


10.26 


.991038 


.43 


.312327 


10.68 


.687673 


24 


37 


.303979 


10.23 


.991012 


.48 


.312967 


10.67 


.687033 


23 


38 


.304693 


10.22 


.990986 


.43 


.813608 


10.66 


.686392 


22 


39 


.305207 


10.20 


.990960 


.43 


.314247 


10.64 


.686753 


21 


40 


.306819 


10.19 


.990934 


.44 


.314885 


10.62 


.685116 


20 


41 


9.306430 


10.17 


9.990908 


.44 


9.316523 


10.61 


10.684477 


19 


42 


.307041 


10.16 


.990882 


.44 


.316159 


10.60 


.683841 


18 


43 


.307650 


10.14 


.990866 


.44 


.816796 


10.68 


.683206 


17 


44 


.308259 


10.13 


.990829 


.44 


.317430 


10.57 


.682570 


16 


45 


.808867 


10.11 


.990803 


.44 


.818064 


10.66 


.681936 


16 


46 


.309474 


10.10 


.990777 


.44 


.818697 


10.54 


.681803 


14 


47 


.810080 


10.08 


.990750 


.44 


.319329 


10.63 


.680671 


13 


48 


.310685 


10.07 


.990724 


.44 


.819961 


10.61 


.680039 


12 


49 


.811289 


10.05 


.990697 


.44 


.320592 


10.60 


.679408 


11 


50 


.311893 


10.04 


.990671 


.44 


.321222 


10.48 


.678778 


10 


51 


9.312495 


10.03 


9.990644 


.44 


9.321851 


10.47 


10.676149 


9 


52 


.313097 


10.01 


.990618 


.44 


.322479 


10.45 


.677521 


8 


58 


.313698 


10.00 


.990591 


.44 


.323106 


10.44 


.676894 


7 


64 


.314297 


9.98 


.990566 


.44 


.323733 


10.43 


.676267 


6 


56 


.314897 


9.97 


.990638 


.44 


.324358 


10.41 


.675642 


6 


56 


.315495 


9.96 


.990611 


.46 


.324983 


10.40 


.675017 


4 


57 


.816092 


9.94 * 


.990486 


.46 


.325607 


10.39 


.674393 


8 


58 


.816689 


9.93 


.990458 


.46 


.326231 


10.37 


.673769 


2 


59 


.317284 


9.91 


.990431 


.46 


.326863 


10.36 


.673147 


1 


60 


.317879 


9.90 


.990404 


.46 


.327475 


10.36 


.672525 
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D. 
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Sine. 


D. 


Cosine. 


L^ 


Tang. 


1 D. 


Cotang. 




■^ 


9.317b79 


9.9U 


9.990404 


.46 


9.827474 


10.35 


10.672526 


"go" 


1 


.818473 


9.88 


.990378 


.45 


.828095 


10.33 


.671906 


59 


2 


.819066 


9.87 


.990361 


.46 


.828716 


10.32 


.671286 


58 


3 


.819668 


9.86 


.990324 


.46 


.829834 


10.30 


.670666 


57 


4 


.820249 


9.84 


.990297 


.46 


.829953 


10.29 


.670047 


56 


6 


.820840 


9.83 


.990270 


.46 


.330670 


10.28 


.669430 


56 


6 


.821430 


9.82 


.990243 


.46 


.331187 


10.26 


.668813 


54 


7 


.822019 


9.80 


.990216 


.46 


.331803 


10.26 


.668197 


53 


8 


.322607 


9.79 


.990188 


.46 


.332418 


10.24 


.667582 


52 


9 


.823194 


9.77 


.990161 


.45 


.833038 


10.23 


.666967 


51 


10 


.323780 


9.76 


.990134 


.45 


.833646 


10.21 


.666354 


50 


U 


9.8248<)6 


9.76 


9.990107 


.46 


9.334259 


10.20 


10.666741 


49 


13 


.824950 


9.73 


.990079 


.46 


.834871 


10.19 


.665129 


48 


13 


.825534 


9.7a 


.990062 


.46 


.835482 


10.17 


.664518 


47 


14 


.826117 


9.70 


.990026 


.46 


.336093 


10.16 


.663907 


46 


15 


.826700 


9.69 


.989997 


.46 


.336702 


10.16 


.663298 


46 


16 


.327281 


9.68 


.989970 


.46 


.837311 


10.13 


.662689 


44 


17 


.827862 


9.66 


.989942 


.46 


.837919 


10.13 


.662081 


43 


18 


.828442 


9.66 


.989915 


.46 


.838527 


10.11 


.661473 


42 


19 


.829021 


9.64 


.989887 


.46 


.339133 


1010 


.660867 


41 


20 
21 


.829599 
9.330176 


9.62 


.989860 


.46 

.46 


.839739 
9.340344 


10.08 


.660261 


40 


9.61 


9.989832 


~10.07 


10.659656 


89 


22 


.830753 


9.60 


.989804 


.46 


.340948 


10.06 


.659052 


38 


23 


.831329 


9.58 


.989777 


.46 


.341552 


10.04 


.658448 


37 


24 


.831903 


9.57 


.989749 


.47 


.842155 


10.03 


.657845 


36 


25 


.832478 


9.56 


.98^721> 


^.47 


.342767 


10.02 


.657243 


36 


26 


.833051 


9.54 


.989693 


^.47 


.343358 


10.00 


.656643 


34 


27 


.333624 


9.58 


.989666 


.47 


.343958 


9.99 


.656042 


33 


28 


.334195 


9.52 


.989637 


.47 


.844558 


9.98 


.655442 


32 


29 


.834766 


9.50 


.989609 


.47 


.345157 


9.97 


.654843 


31 


30 


.835337 


9.49 


.989582 


.47 


.845755 


9.96 


.654245 


30 


81 


9.335906 


9.48 


9.989558 


.47 


9.346353 


9.94 


10.653647 


29 


32 


.336476 


9.46 


.989526 


.47 


.846949 


9.93 


.653051 


28 


33 


.837043 


9.45 


.989497 


.47 


.847545 


9.92 


.652456 


27 


34 


.337610 


9.44 


.989469 


.47 


.348141 


9.91 


.651859 


26 


35 


.338176 


9.43 


.989441 


.47 


. .348735 


9.90 


.651265 


25 


86 


.838742 


9.41 


.989413 


.47 


.849329 


9.88 


.650671 


24 


37 


.839306 


9.40 


.989384 


.47 


.849922 


9.87 


.650078 


23 


38 


.339871 


9.89 


.989356 


.47 


.350514 


9.86 


.649486 


22 


89 


.340434 


9.87 


.989328 


.47 


.851106 


9.85 


.648894 


21 


40 


.340996 


9.36 


.989300 


.47 


.351697 


9.83 


.648303 


20 


41 


9.341558 


9.35 


9.989271 


.47 


9.352287 


9.83 


10.647718 


19 


42 


.342119 


9.34 


.989243 


.47 


.352876 


9.81 


.647124 


18 


43 


.342679 


9.32 


.989214 


.47 


.353465 


9.80 


.646536 


17 


44 


.343239 


9.31 


.989186 


.47 


.354053 


9.79 


.645947 


16 


45 


.843797 


9.30 


.989157 


.47 


.854640 


9.77 


.645360 


16 


46 


.844355 


9.29 


.989128 


.48 


.355227 


9.76 


.644773 


14 


47 


.844912 


9.27 


.989100 


.48 


.355813 


9.75 


.644187 


13 


48 


.845469 


9.26 


.989071 


.48 


.356398 


9.74 


.643602 


12 


49 


.346024 


9.26 


.989042 


.48 


.856982 


9.73 


.648018 


11 


50 


.346579 


9.24 


.989014 


.48 


.357566 


9.71 


.642434 


10 


51 


9.347134 


9.22 


9.988985 


.48 


9 358149 


9.70 


10.641851 


9 


52 


.347687 


9.21 


.988956 


.48 


.358731 


9.69 


.641269 


8 


53 


.848240 


9.20 


.988927 


.48 


.359313 


9.68 


.640687 


7 


54 


.348792 


9.19 


.988898 


.48 


.359893 


9.67 


.640107 


6 


55 


.849343 


9.17 


.988869 


.48 


.360474 


9.66 


.639526 


5 


56 


.349893 


9.16 


.988840 


.48 


.861053 


9 66 


.638947 


4 


57 


.350443 


9.15 


.988811 


.49 


.361632 


9.63 


.638368 


8 


58 


.350992 


9.14 


.988782 


.49 


.362210 


9.62 


.637790 


2 


59 


.351640 


9.13 


.988753 


.49 


.362787 


9.61 


.637213 


1 


60 


.352088 


9.11 


.988724 


.49 


863364 


9.60 


.686636 







Cosine. 


D. 


Sine. 




Cotang. 


D. 


Tang. 
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Sine. 


D. 


Cosine. 


D. 


Tang. 


D. 


Cotang. 







9.352088 


9.11 


9.988724 


.49 


9.363364 


9.60 


10.686636 


^0 


1 


.352635 


910 


.988695 


.49 


.363940 


9.69 


.636060 


69 


2 


.853181 


9.09 


.988666 


.49 


.864515 


9.68 


.686465 


68 


3 


.353726 


9.08 


.988636 


.49 


.865090 


9.67 


.634910 


67 


4 


.854271 


9.07 


.988607 


.49 


.865664 


9.66 


.684336 


56 


5 


.854815 


9.05 


.988578 


.49 


.866237 


9.64 


.683763 


65 


6 


.355358 


9.04 


.988548 


.49 


.866810 


9.68 


.683190 


64 


7 


.855901 


9.03 


.988519 


.49 


.867382 


9.52 


.632618 


63 


8 


.356443 


9.02 


.988489 


.49 


.867958 


9.51 


.632047 


62 


9 


.856984 


9.01 


.988460 


.49 


.368624 


9.60 


.631476 


61 


10 


^57524 


8.99 


.988480 


.49 


.369094 


9.49 


.630906 


50 


11 


9.358064 


8.98 


9.988401 


.49 


9.369663 


9.48 


10.630337 


49 


12 


.858603 


8.97 


.988871 


.49 


.870232 


9.46 


.629768 


48 


13 


.359141 


8.96 


.988342 


.49 


.870799 


9.45 


.629201 


47 


14 


.859678 


8.95 


.988812 


.50 


.871367 


9.44 


.628638 


46 


15 


.860216 


8.98 


.988282 


.50 


.871938 


9.43 


.628067 


45 


16 


.860752 


8.92 


.988262 


.50 


.872499 


9.42 


.627601 


44 


17 


.361287 


8.91 


.988228 


.60 


.873064 


9.41 


.626986 


43 


18 


.361822 


8.90 


.988193 


.50 


.878629 


9.40 


.626871 


42 


19 


.362356 


8.89 


.988163 


.50 


.874198 


9.39 


.626807 


41 


20 


.362889 


8.88 


.988133 


.60 


.874756 


9.38 


.626244 


40 


21 


9.363422 


8.87 


9.988103 


.60 


9.376319 


9.87 


10.624681 


39 


22 


.863964 


8.85 


.988073 


.60 


.376881 


9.35 


.624119 


88 


23 


.364485 


8.84 


.988048 


.50 


.876442 


9.84 


.623668 


37 


24 


.365016 


8.88 


.988013 


.60 


.877008 


9.8^ 


.622997 


36 


25 


.365546 


8.82 


.987983 


.60 


.377568 


9.82 


.622487 


85 


26 


.866075 


8.81 


.987953 


.50 


.878122 


• 9.31 


.621878 


84 


27 


.366604 


8.80 


.987922 


.60 


.878681 


9.30 


.621319 


83 


28 


.367131 


8.79 


.987892 


.60 


.879289 


9.29 


.620761 


82 


29 


. .867659 


8.77 


.987862 


.50 


.879797 


9.28 


.620203 


81 


80 


.868185 


8.76 


.987832 


.61 


.380854 


9.27 


.619646 


80 


31 


9.368711 


8.76 


9.987801 


.61 


9.880910 


9.26 


10.619090 


29 


32 


.869236 


8.74 


.987771 


.51 


.381466 


9.25 


.618534 


28 


83 


.369761 


8.73 


.987740 


.61 


.382020 


9.24 


.617980 


27 


84 


.370285 


8.72 


.987710 


.51 


.882576 


9.28 


.617425 


26 


85 


.870808 


8.71 


.987679 


.61 


.888129 


9.22 


.616871 


25 


86 


.371330 


8.70 


.987649 


.51 


.888682 


9.21 


.616818 


24 


37 


.371852 


8.69 


.987618 


.51 


.884234 


9.20 


.615766 


23 


88 


.872873 


8.67 


.987588 


.51 


.884786 


9.19 


.615214 


22 


39 


.372894 


8.66 


.987657 


.51 


.885337 


9.18 


.614668 


21 


40 


.373414 


8.66 


.987526 


.61 


.385888 


9.17 


.614112 


20 


41 


9.373933 


8.64 


9.987496 


.51 


9.386488 


9.16 


10.613662 


19 


42 


.374452 


8.63 


.987466 


.51 


.386987 


9.14 


.618013 


18 


43 


.374970 


8.62 


.987434 


.51 


.887636 


9.13 


.612464 


17 


44 


.875487 


8.61 


.987403 


.52 


.888084 


9.12 


.611916 


16 


45 


.876003 


8.60 


.987372 


.52 


.888631 


9.11 


.611369 


15 


46 


.876519 


8.59 


.987341 


.62 


.889178 


9.10 


.610822 


14 


47 


.377035 


8.58 


.987810 


.52 


.389724 


9.09 


.610276 


13 


48 


.377549 


8.57 


.987279 


.52 


.390270 


9.08 


.609730 


12 


49 


.878068 


8.56 


.987248 


.62 


.890816 


9.07 


.609185 


11 


50 


.878577 


8.54 


.987217 


.52 


.891360 


9.06 


.608640 


10 


61 


9.379089 


8.58 


9.987186 


.52 


9.391903 


9.05 


10.608097 9 1 


52 


379601 


8.52 


.987155 


.62 


.392447 


9.04 


.607553 


8 


53 


.880113 


8.51 


.987124 


.62 


.392989 


9.03 


.607011 


7 


54 


.880624 


8.60 


.987092 


.62 


.898531 


9.02 


.606469 


6 


55 


.881134 


8.49 


.987061 


.62 


.394078 


9.01 


.605927 


6 


56 


.381643 


8.48 


.987030 


.52 


.394614 


9.00 


.605886 


4 


57 


.882152 


8.47 


.986998 


.52 


.895154 


8.99 


.604846 


8 


58 


.882661 


8.46 


.986967 


.62 


.896694 


8.98 


.604306 


2 


59 


.883168 


8.46 


.986936 


.52 


.396233 


8.97 


.603767 


1 


60 


.883675 


8.44 


.986904 


.62 


.896771 


8.96 


.603229 1 




Cosine. | 


D. 


Sine. 




Cotang. 


D. 1 


Tang. 1 M.| 



7€P 



32 



LOOABITHMIC SINES, COSINES, 



14* 



M 


Sine. 


D 


Cosine. 


D. 


Tang. 


1 !>• 


Cotang. 







9.888675 


8.44 


9.986904 


":52" 


9.396771 


8.90 


10.603229 


60 


1 


.884182 


8.43 


.986878 


.58 


.897309 


8.96 


.602691 


59 


2 


.884687 


8.42 


.986841 


.53 


.397846 


8.96 


.602154 


58 


8 


.885192 


8.41 


.986809 


.53 


.398383 


8.94 


.601617 


57 


4 


.885697 


8.40 


.986778 


.53 


.898919 


8.93 


.601081 


56 


5 


.886201 


8.89 


.986746 


.53 


.899455 


8.92 


.600545 


66 


6 


.886704 


8.38 


.986714 


.58 


.399990 


8.91 


.600010 


54 


7 


.387207 


8.37 


.986683 


.63 


.400524 


8.90 


.599476 


53 


8 


.387709 


8.36 


.986651 


.63 


.401058 


8.89 


.598942 


52 


9 


.888210 


8.35 


.986619 


.53 


.401591 


8.88 


.598409 


51 


10 


.888711 


8.34 


.986587 


.53 


.402124 


8.87 


.597876 


50 


11 


9.3b9211 


8.33 


9.986555 


.53 


9.402056 


8.86 


10.597344 


49 


12 


.389711 


8.32 


.986523 


.53 


.403187 


8.86 


.596813 


48 


13 


.890210 


8.31 


.986491 


.53 


.403718 


8.84 


.596282 


47 


14 


.890708 


8.30 


.986459 


.53 


.404249 


8.83 


.695751 


46 


15 


.891206 


8.28 


.986427 


.53 


.404778 


8.82 


.595222 


45 


16 


.891708 


8.27 


.986395 


.63 


.405308 


8.81 


.594692 


44 


17 


.892199 


8.26 


.986363 


.64 


.405836 


8.80 


.594164 


43 


18 


.892695 


8.26 


.986331 


.54 


.406364 


8.79 


.593636 


42 


19 


.393191 


8.24 


.986299 


.64 


.406892 


8.78 


.593108 


41 


20 
21 


.893685 
9.394179 


8.23 
8.22 


.986266 
"9.986234 


.54 
.54 


.407419 


8.77 


.592581 


40 


9.407945 


8.76 


10 592055 


~39' 


22 


.894678 


8.21 


.986202 


.54 


.408471 


8.76 


.591529 


38 


23 


.895166 


8.20 


.986169 


.54 


.408997 


8.74 


.591003 


87 


24 


.895658 


8.19 


.986137 


.54 


.409521 


8.74 


.590479 


36 


25 


.396150 


8.18 


.986104 


.64 


.410045 


8.78 


.689956 


85 


26 


.896641 


8.17- 


.986072 


.64 


.410569 


8.72 


.689431 


84 


27 


.897132 


8.17 


.986039 


.64 


.411092 


871 


.688908 


33 


.28 


.897621** 


' 8.16 


.986007 


.64 


.411615 


8.70 


.588385 


82 


29 


.898111 


8.15 


.985974 


.54 


.412137 


8.69 - 


.587863 


31 


80 


.898600 


8.14 


.985942 


.54 


.412658 


8.68 


.587342 


80 


81 


9399088 


8.13 


9.985909 


.55 


9.413179 


8.67 


10.586821 


29 


82 


.899575 


8.12 


.985876^ 


«^55 


.413699 


8.66 


.586301 


28 


83 


.400062 


8.11 


.985843 


^56 


.414219 


8.66 


.686781 


27 


84 


.400549 


8.10 


.985811 


.55 


.414738 


8.64 


.685262 


26 


85 


.401035 


8.09 


.985778 


.55 


.415257 


8.64 


.584743 


25 


86 


.401520 


8.08 


.985745 


.55 


.415776 


8.63 


.584225 


24 


87 


^402005 


8.07 


.985712 


.55 


.416293 


8.62 


.588707 


23 


88 


.402489 


8.06 


.985679 


.56 


.416810 


8.61 


.583190 


22 


89 


.402972 


8.05 


.985646 


.56 


.417326 


8.60 


.582674 


21 


40 
'41 


.403455 


8.04 


.985613 


.65 


.417842 


8.59 


.682158 


20 


9.403938 


8.03 


9.985580 


.55 


9.418358 


8.68 


10.581642 


19 


42 


.404420 


8.02 


.985547 


.56 


.418873 


8.57 


.681127 


18 


43 


.404901 


8.01 


.985514 


.56 


.419387 


8.56 


.580613 


17 


44 


.405382 


8.00 


.985480 


.66 


.419901 


8.55 


.580099 


16 


45 


.405862 


7.99 


.985447 


.66 


.420415 


8.65 


.679585 


16 


46 


.406341 


7.98 


.985414 


.66 


.420927 


8.54 


.579073 


14 


47 


.406820 


7.97 


.985380 


.66 


.421440- 


^ 8.53 


.578560 


13 


48 


.407299 


7.96 


.985347 


.66 


.421952 


8.52 


.578048 


12 


49 


.407777 


7.95 


.985314 


.66 


.422463 


8.51 


.577537 


11 


50 
51 


.408254 


7.94 


.985280 


.56 


.422974 


8.50 


.577026 


10 


9.408731 


7.94 


9.985247 


.66 


9.423484 


8.49 


10.576516 


9 


52 


.409207 


7.93 


.985213 


.66 


.423993 


8.48 


.676007 


8 


53 


.400682 


7.92 


.985180 


.56 


.424503 


8.48 


.676497 


7. 


54 


.410157 


7.91 


.985146 


.56 


.425011 


8.47 


.674989 


6 


55 


.410632 


7.90 


.985113 


.66 


.425519 


8.46 


.674481 


6 


56 


.411106 


7.89 


.985079 


.66 


.426027 


8.46 


.673973 


4 


57 


.411579 


7.88 


.985045 


.56 


.426534 


8.44 


.673466 


3 


58 


.412052 


7.87 


.985011 


.56 


.427041 


8.43 


.672959 


2 


59 


.412524 


7.86 


.984978 


.56 


.427547 


8.43 


.672453 


1 


60 


.412996 


7.85 


.984944 


.56 


.428052 


8.42 


.571948 







Cosine. 


D. 


Sine. 




Cotang. 


D. 


Tang. 


M. 



750 



15* 



TANGENTS, AND COTANGENTS. 



M. 


Sine. 


D. 


Cosine. 


D. 


Tang. 


D. 


Cotang. 1 1 





9.412y96 


7.86 


9.984944 


.57 


. 9.428062 


8.42 


10.571948 


66' 


1 


.413467 


7.84 


.984910 


.67 


.428557 


8.41 


.671448 


59 


2 


.413938 


7.83 


.984876 


.67 


.429062 


8.40 


.670938 


58 


3 


.414408 


7.88 


.984842 


.67 


.429666 


8.89 


.670434 


67 


4 


.414878 


7.82 


.984808 


.67 


.480070 


8.88 


.669980 


66 


6 


.415347 


7.81 


.984774 


.67 


.430678 


8.88 


.669427 


66 


6 


.415815 


7.80 


.984740 


.67 


.431076 


8.37 


.668926 


64 


7 


.416283 


7.79 


.984706 


.67 


.431677 


8.36 


.668428 


68 


8 


.416761 


7.78 


.984672^ 


^67 


.432079 


8.36 


.667921 


611. 


9 


.417217 


7.77 


.984637 


.67 


.432680 


8.84 


.667420 


61 


10 


.417684 


7 76 


.984603 


.67 


.433080 


8.33 


.666920 


60 


U 


9.41bl50 


7.76 


9.984569 


.67 


9.433580 


8.32 


10.566420 


4i^ 


12 


.418615 


7.74 


.984536 


.67 


.484080 


8.82 


.666920 


48 


13 


.419079 


7.73 


.984600 


.67 


.434579 


8.81 


.666421 


47 


14 


.419544 


7.73 


.984466 


.67 


.435078 


8.30 


.664922 


46 


lo 


.420007 


7.72 


.984432 


.68 


.436676 


8.29 


.664424 


46 


16 


.420470 


7.71 


.984397 


.68 


.436078 


8.28 


.663927 


44 


17 


.420938 


^ 7.70 


.984368 


.68 


.436670 


8.28 


.668430 


43 


18 


.421395 


7.69 


.984328 


.68 


.437067 


8.27 


.662983 


42 


19 


.421857 


7.68 


.984294 


.68 


.437668 


8.26 


.662437 


41 


20 


.422318 


7.67 


.984269 


.68 


.438069 


8.25 


.561941 


40 


21 


9.422778 


7.67 


9.984-224 


.58 


9.438664 


8.24 


10.561446 


39 


22 


.423238 


7.66 


.984190 


.68 


.439048 


8.23 


.660962 


38 


23 


.423697 


7.66 


.984166 


.68 


.439643 


8.28 


.660457 


37 


24 


.424156 


7.64 


.984120 


.68 


.440036 


8.22 


.659964 


86 


25 


.424615 


7.63 


.984086 


.68 


.440529 


8.21 


.659471 


85 


26 


.425078 


7.62 


.984050 


.68 


.441022 


8.20 


.666978 


84 


27 


.425530 


7.61 


.984015 


.68 


.441614 


8.19 


.658486 


83 


28 


.425987 


7.60 


.983981 


.68 


.442006 


8.19 


.667994 


82 


29 


.426448 


7.60 


.983946 


.68 


.442497 


8.18 


.667603 


81 


30 


.426899 


7.69 


.983911 


.58 


.442988 


817 


.667012 


80 


81 


9.427354 


7.68 


9.983875 


.58 


9.443479 


8.16 


10.556521 


29 


82 


.427809 


7.57 


.983840 


.69 


.443968 


8.16 


.656032 


28 


83 


.428263 


7.56 


.988806 


.69 


.444458 


8.16 


.665642 


27 


84 


.428717 


7.66 


.983770 


.69 


.444947 


8.14 


.665063 


26 


35 


.429170 


7.64 


.983735 


.69 


.446436 


8.18 


.664566 


25 


86 


.429628 


7.63 


.983700 


.69 


.445923 


8.12 


.554077 


24 


87 


.430076 


7.62 


.983664 


.69 


.446411 


8.12 


.653589 


23 


88 


.430527 


7.62 


.983629 


.69 


.446898 


8.11 


.553102 


22 


89 


.430978 


7.61 


.983594 


.69 


.447384 


8.10 


.662616 


21 ' 


40 


.431429 


7.60 


.983558 


.59 


.447870 


8.09 


.652130 


20 


41 


9.431879 


7.49 


9.983523 


.59 


9.448356 


8.09 


10.551644 


19 


42 


.432329 


7.49 


.983487 


.59 


.448841 


8.08 


.661169 


18 


43 


.432778 


7.48 


.983452 


.69 


.449326 


8.07 


.650674 


17 


44 


.433226 


7.47 


.983416 


.59 


.449810 


8.06 


.550190 


16 


45 


.433676 


7.46 


.983381 


.69 


.450294 


8.06 


.649706 


15 


46 


.434122 


7.46 


.983346 


.59 


.450777 


8.06 


.649223 


14 


47 


.434569 


7.44 


.983309 


.59 


.451260 


8.04 


.648740 


13 


48 


.435016 


7.44 


.983273 


.60 


.451743 


8.03 


.548257 


12 


49 


.435462 


7.43 


.983238 


.60 


.452226 


8.02 


.547776 


11 


50 


.435908 


7.42 


.983202 


.60 


.452706 


8.02 


.647294 


10 


51 


9.436353 


7.41 


9.983166 


.60 


9.453187 


8.01 


I0.546bl3 9 1 


52 


.436798 


7.40 


.983130 


.60 


.453668 


8.00 


.546332 


8 


53 


.437242 


7.40 


.983094 


.60 


.454148 


7.99 


.545852 




54 


.437686 


7.39 


.983068 


.60 


.454628 


7.99 


.545372 




55 


.438129 


7.88 


.983022 


.60 


.455107 


7.98 


.544898 




56 


.438572 


7.37 


.982986 


.60 


.455586 


7.97 


.644414 




57 


.439014 


7.36 


.982950 


.60 


.456064 


7.96 


.543936 




58 


.439456 


7.36 


.982914 


.60 


.456542 


7.96 


.543458 


2 


59 


.439897 


7.36 


.982878 


.60 


.457019 


7.95 


.542981 1 


60 


.440338 


7.34 


.982842 


.60 


.457496 


7.94 


.542504 




Cosine 


D. 1 


Sine. 1 




Cotang. 


D. 1 


Tang. 1 M. 



18 



'\\ 



84 



LOGARITHMIC SINES, COSINES, 



W 



M 


Sine. 


D. 


Cosine. 


ML, 


Tang. 


D. 


Cotang. 1 1 





9.440338 


7.84 


9.982842 


reT 


9.457496 


7.94 


10.542504 


60 


1 


.440778 


7.33 


.982805 


.60 


.457973 


7.93 


.542027 


69 


2 


.441218 


7.82 


.982769 


.61 


.458449 


7.1'3 


.641551 


68 


8 


.441658 


7.31 


.982733 


.61 


.458925 


7.92 


.641075 


67 


4 


.442096 


7.81 


.982696 


.61 


.459400 


7.91 


.540600 


66 


5 


.442535 


7.30 


.982660 


.61 


.459875 


7.90 


.540125 


65 


6 


.442973 


7.29 


.982624 


.61 


.460349 


7.90 


.639651 


64 


7 


.443410 


7.28 


.982587 


.61 


.460823 


7.89 


.639177 


63 


8 


.443847 


7.27 


.982551 


.61 


.461297 


7.88 


.638703 


62 


9 


.444284 


7.27 • 


.982514 


.61 


.461770 


7.88 


.638230 


61 


10 


.444720 


7.26 


.982477 


.61 


.462242 


7.87 


.637758 


60 


11 


9.445155 


7.25 


9.982441 


.61 


9.462714 


7.86 


10.537286 


49 


12 


.445590 


7.24 


.982404 


.61 


.463186 


7.86 


.536814 


48 


18 


.446025 


7.23 


.982367 


.61 


.463658 


7.86 


.636342 


47- 


.14 


.446459 


7.28 


.982331 


.61 


.464129 


7.84 


.535871 


46 


15 


.446898 


7.22 


.982294 


.61 


.464599 


7.83 


.635401 


45 


16 


.447326 


7.21 


.982257 


.61 


.465069 


7.83 


.534931 


44 


17 


.447759 


7.20 


.982220 


.62 


.465539 


7.82 


.534461 


43 


18 


.448191 


7.20 


.982183 


.62 


.466008 


7.81 


.633992 


42 


19 


.448623 


7.19 


.982146 


.62 


.466476 


780 


.633524 


41 


20 


.449054 


7.18 


.982109 


.62 


.466945 


7.80 


.633055 


40 
89 


21 


9.449485 


7.17 


9.982072 


.62 


9.467413 


7 79 


10.532587 


22 


.449915 


7.16 


.982035 


.62 


.467880 


7.78 


.632120 


88 


23 


.450345 


7.16 


.981998 


.62 


.468347 


7.78 


.631653 


37 


24 


.450775 


7.15 


.981961 


.62 


.468814 


7.77 


.631186 


36 


25 


.451204 


7.14 


.981924 


.62 


.469280 


7.76 


.630720 


85 


26 


.451632 


7.13 


.981886 


.62 


.469746 


7.75 


.530254 


34 


27 


.452060 


7.13 


.981849 


.62 


.470211 


775 


.529789 


33 


28 


.452488 


7.12 


.981812^ 


.62 


.470676 


7.74 


.629324 


82 


29 


.452915 


7.11 


.981774 


.62 


.471141 


7.73 


.528859 


81 


30 


.453342 


7.10 


.981737 


.62 


.471605 


7.73 


.628395 


30 


31 


9.453768 


7.10 


9.981699 


.63 


9.472068 


7.72 


10.527932 


29 


32 


.454194 


7.09 


.981662 


.63 


.472532 


7.71 


.527468 


28 


33 


.454f>19 


7.08 


.981625 


.63 


.472995 


7.71 


.527005 


27 


34 


.455044 


7.07 


.981587 


.63 


.473457 


7.70 


.526543 


26 


35 


.455469 


7.07 


.981549 


.63 


.473919 


7.69 


.526081 


25 


36 


.455893 


7.06 


.981512 


63 


.474381 


7.69 


.525619 


24 


37 


.456316 


7.05 


.981474 


.63 


.474842 


7.68 


.625158 


23 


38 


.456739 


7.04 


.981436 


.63 


.475303 


7.67 


.624697 


22 


39 


.457162 


7.04 


.981399 


.63 


.475763 


7.67 


.624237 


21 


40 


.457584 


7.03 


.981361 


.63 


.476223 


7.66 


.523777 


20 


41 


9.458006 


7.02 


9.981323 


.63 


9.476683 


7.65 


10.523317 


19 


42 


.458427 


7.01 


.981285 


.63 


.477142 


7.65 


.522858 


18 


43 


.458848 


7.01 


.981247 


.63 


.477601 


7.64 


.522399 


17 


44 


.459268 


7.00 


.981209 


.63 


.478059 


7.63 


.521941 


16 


45 


.459688 


6.99 


.981171 


.63 


.478517 


7.63 


.521483 


15 


46 


.460108 


6.98 


.981133 


.64 


.478975 


7.62 


.621025 


14 


47 


.460527 


6.98 


.981095 


.64 


.479432 


7.61 


.520568 


13 


48 


.460946 


6.97 


.981057 


.94 


.479889 


7.61 


.520111 


12 


49 


.461364 


6.96 


.981019 


.64 


.480345 


7.60 


.619655 


11 


60 


.461782 


6.95 


.980981 


.64 


.480801 


7.59 


.619199 


10 


51 


9.462199 


6.95 


9.980942 


.64 


9.481257 


7.59 


10.518743 


9 


52 


.462616 


6.94 


.980904 


.64 


.481712 


7.58 


.618288 


8 


53 


.463032 


6.93 


.980866 


.64 


.482167 


7.57 


.617833 


7 


54 


.493448 


6.93 


.980827 


.64 


.482621 


7.57 


.517379 


6 


55 


.463864 


6.92 


.980789 


.64 


.483075 


7.56 


.616925 


5 


56 


.464279 


6.91 


.980750 


.64 


.483529 


7.65 


.516471 


4 


57 


.464694 


6.90 


.980712 


.64 


.483982 


7.65 


.516018 


3 


68 


.465108 


6.90 


.980673 


.64 


.484435 


7.64 


.615565 


2 


69 


.465522 


6.89 


.980635 


.64 


.484887 


7.53 


.615113 


1 


60 


.465935 


6.88 


.980596 


.64 


.485339 


7.53 


.514661 







Cosine. 


1 D. 


Sine. 




1 Cotang. 


1 I>. 


Tang. 


M. 



730 



17* 



TANGENTS, AND COTANGENTS. 



85 



M. 


Sine. 


D. 


Cosine. 


D. 


Tang. 


D. 


Cotang. 







9.465935 


6.88 


9.9bU596 


.64 


9.485339 


7.53 


10.514661 


60 


1 


.466348 


6.88 


.980568 


.64 


^485791 


7.62 


.514209 


59 


2 


.466761 


6.87 


.980519 


.66 


.4^6242 


7.61 


.513758 


58 


A 


.467173 


6.86 


.980480 


.65 


.486693 


7.51 


.513307 


67 


^ 


.467686 


6.85 


.980442 


.65 


.487143 


7.50 


.612867 


66 


5 


.467996 


6.86 


.980403 


.65 


.487593 


7.49 


.512407 


65 


« 


.468407 


6.84 


.980364 


.65 


.488043 


7.49, 


.511967 


54 


7 


.468817 


6.83 


.980325 


.65 


.488492 


7.48 


.511508 


53 


8 


.469227 


6.83 


.980286 


.65 


.488941 


7.47 


.511069 


62 


9 


.469637 


6.82 


.980247 


.65 


.489390 


7.47 


.510610 


61 


10 


.470046 


6 81 


.980208 


.65 


.489838 


7.46 


.510162 


•60 


11 


9.470455 


6.80 


9.9b0169 


.65 


9.4902b6 


7.46 


10.609714 


49 


12 


.470663 


6.80 


.980130 


.65 


.490783 


7.45 


.609267 


48 


13 


.471271 


6.79 


.980091 


.65 


.491180 


7.44 


.608820 


47 


14 


.471679 


6.78 


.980052 


.65 


.491627 


7.44 


.508373 


46 


15 


.472086 


6.78 


.980012 


.65 


.492073 


7.43 


.507927 


45 


16 


.472492 


6.77 


.979973 


.65 


.492519 


7.43 


.507481 


44 


17 


.472898 


6.76 


.979934 


.66 


.492965 


7.42 


.607035 


43 


18 


.473304 


6 76 


.979895 


.66 


.493410 


7.41 


.506590 


42 


19 


.473710 


6.75 


.979855 


.66 


.493854 


7.40 


.506146 


41 


20 


.474115 


6.74 


.979816 


.66 


.494299 


7.40 


.505701 


40 


21 


9.474519 


6.74 


9.979776 


.66 


9.494743 


7.40 


10.505257 


89 


22 


.474923 


6.73 


.979737 


.66 


.495186 


7.39 


.504814 


88 


23 


.475327 


6.72 


.979697 


.66 


.495630 


7.38 


.504370 


37 


24 


.475730 


6.72 


.979658 


.66 


.496073 


7.37 


.503927 


86 


25 


.476133 


6.71 


.979618 


.66 


.496515 


7.37 


.503485 


85 


26 


.476536 


6.70 


.979579 


.66 


.496957 


7.36 


.503043 


84 


27 


.476938 


6.69 


.979539 


.66' 


.497399 


7.36 


.502601 


83 


28 


.477340 


6.69 


.979499 


.66 


.497841 


7 35 


.502159 


82 


29 


.477741 


6.68 


.979459 


.66 


.498282 


7.34 


.501718 


81 


30 


.478142 


6.67 


.979420 


.66 


.498722 


7.34 


.501278 


30 


31 


9.478542 


6.67 


9.97U3bO 


.66 


9.499163 


7.33 


10.500137 


29 


32 


.478942 


6.66 


.979340 


.66 


.499603 


7 33 


.500397 


28 


33 


.479342 


6.65 


.979300 


.67 


.500042 


7.32 


.499958 


27 


34 


.479741 


6«66 


.979260 


.67 


.500481 


7.31 


.499519 


26 


36 


.480140 


6.64 


.979220 


.67 


.500920 


7.31 


.499080 


25 


36 


.480539 


6.63 


.979180 


.67 


.501359 


7.30 


.498641 


24 


37 


.480037 


6.63 


.979140 


.67 


.501797 


7.30 


.498203 


23 


38 


.481334 


6.62 


.979100 


.67 


.502235 


7.29 


.497765 


22 


39 


.481731 


6.61 


.979059 


.67 


.502672 


7.28 


.497328 


21 


40 


.482128 


6.61 


.979019 


.67 


.503109 


7.28 


.496191 20 1 


41 


9.482525 


6.60 


9.97bl>79 


.67 


9.503546 


7.27 


10.496454 


19 


42 


.482921 


6.59 


.978939 


.67 


.503982 


7.27 


.496018 


18 


43 


.483316 


6.69 


.978898 


.67 


.504418 


7.26 


.495582 


17 


44 


.483712 


6.68 


.978858 


.67 


.504854 


7.25 


.495146 


16 


45 


.484107 


6.57 


.978817 


.67 


.505289 


7.25 


.494711 


15 


46 


.484501 


6.57 


.978777 


.67 


.505724 


7.24 


.494276 


14 


47 


.484895 


6.66 


.9787?6 


.67 


.506159 


7.24 


.493841 


13 


48 


.485289 


6.65 


.978696 


.68 


.506593 


7.23 


.493407 


12 


49 


.485682 


6.65 


.978655 


.68 


.507027 


7.22 


.492973 


11 


50 


.486075 


6.54 


.978615 


.68 


.507460 


7.22 


.492540 


10 


51 


9.4bU467 


6.53 


9.978574 


.68 


9.507893 


7.21 


10.492107 9 1 


52 


.486860 


6.63 


.978533 


.68 


.608326 


7.21 


.491674 


8 


53 


.487251 


6.52 


.978493 


.68 


.508769 


7.20 


.491241 


^ 7 


54 


.487648 


6.61 


.978452. 
.978411 


.68 


.509191 


7.19 


.490809 > 


^ 6- 


55 


.488034 


6.51 


.68 


.509622 


7.19 


.490378 


5 


56 


.488424 


6 50 


.978370 


.68 


.510054 


7.18 


.489946 


4 


57 


.488814 


6.50 


.978329 


.68 


.610485 


7.18 


.489515 


8 


58 


.489204 


6.49 


.978288 


.68 


.510916 


7.17 


.489084 


2 


59 


.489593 


6.48 


.976247 


.68 


.511346 


7.16 


.486654 


1 


60 


.489982 


6.48 


.978206 


.68 


.511776 


7.16 


.488224 1 




Cosine 


D. 


Sine. 


D. 


Cotang. 


D. 1 


Tang. 1 M | 



72^ 



36 



LOGARITHMIC SINES, COSINES, 



18** 



M 


Sine. 


D 


Cosine. 


D. 


Tang. 


1 I>- 


Cotang. 1 1 


"o" 


9.489982 


6.48 


8.978206 


"leT 


9.511776 


V.16 


10.4bb224 


60 


1 


.490371 


6.48 


.978165 


.68 


.612206 


7.16 


.487794 


69 


2 


.490759 


6.47 


.978124 


.68 


.612635 


7.16 


.487365 


68 


8 


.491147 


6.46 


.978083 


.69 


.613064 


7.14 


.486986 


67 


4 


.491535 


6.46 


.978042 


.69 


.613493 


7.14 


.486507 


66 


5 


.491922 


6.45 


.978001 


.69 


.613921 


7.13 


.486079 


65 


6 


.492308 


6.44 


.977959 


.69 


.614349 


7.13 


.485661 


64 


7 


.492695 


6.44 


.977918 


.69 


.514777 


7.12 


.486223 


63 


8 


.493081 


6.48 


.977877 


.69 


.615204 


7.12 


.484796 


62 


9 


.493466 


6.42 


.977835 


.69 


.6156S1 


7.11 


.484369 


61 


10. 


.493851 


6.42 


.977794 


.69 


.616057 


7.10 


.483943 


60 


11 


9.494236 


6.41 


9.977752 


.69 


9 616484 


7.10 


10.483516 


49 


12 


.494621 


6.41 


.977711 


.69 


.616910 


7.09 


.483090 


48 


13 


.495005 


6.40 


.977669 


.69 


.617335 


7.09 


.482665 


47 


14 


.495388 


6.39 


.977628 


.69 


.617761 


7.08 


.482239 


46 


15 


.495772 


6.39 


.977586 


.69 


.618185 


7.08 


.481815 


45 


16 


.496154 


6.88 


.977544 


.70 


.618610 


7.07 


.481390 


44 


17 


.496537 


6.37 


.977503 


.70 


.619034 


7.06 


.480966 


43 


18 


.496919 


6.37 


.977461 


.70 


.619458 


7.06 


.480542 


42 


19 


.497301 


6.36 


.977419 


.70 


.619882 


7.05 


.480118 


41 


20 


.497682 


6.36 


.977377 


.70 


.620305 


7.05 


.479695 


40 


21 


9.49b064 


6.35 


9.977335 


.70 


9.620728 


7.04 


10.479272 


89 


22 


.498444 


6.84 


.977293^ 


<..70 


.621151 


7.03 


.478849 


88- 


23 


.498825 


6.84 


.977251 


.70 


.521673 


7.08 


.478427 


87 


24 


.499204 


6.83 


.977209 


.70 


.621995 


7.08 


.478005 


86 


25 


.499584 


6.32 


.977167 


.70 


.622417 


7.02 


.477583 


86 


26 


.499968 


6.32 


.977125 


.70 


.622888 


7.02 


.477162 


84 


27 


.600342 


6.31 


.977083 


.70 


.623269 


7.01 


.476741 


83 


28 


.600721 


6.81 


.977041 


.70 


.623680 


7.01 


.476320 


82 


29 


.601099 


6.30 


.976999 


.70 


.624100 


7.00 


.475900 


81 


80 
81 


.501476 


6.29 


.976957 


.70 


.524620 


6.99 


.475480 


80 


9.601854 


6.29 


9.976914 


.70 


9.524939 


6.99 


10.475061 


29 


82 


.602231 


6.28 


.976872 


.71 


.625359 


6.98 


.474641 


28 


33 


.602607 


6.28 


.976830 


.71 


.525778 


6.98 


.474222 


27 


84 


.602984 


6.27 


.976787 


.71 


.526197 


6 97 


.473803 


26 


35 


.503360 


6.26 


.976745 


.71 


.626615 


&97 


.473385 


25 


36 


.503735 


6.26 


.976702 


.71 


.527033 


6.96 


.472967 


24 


37 


.504110 


6.25 


.976660 


.71 


.627451 


6.96 


.472549 


23 


38 


.504485 


6.25 


.976617 


.71 


.527868 


6.95 


.472132 


22 


39 


.504860 


6.24 


.976574 


.71 


.528285 


6.95 


,471715 


21 


40 


.505234 


6 23 


.976532 


.71 


.528702 


6.94 


.471298 


20 


41 


9.605608 


623 


9.976489 


.71 


9.529119 


6.93 


10,470881 


19 


42 


.605981 


6.22 


.976446 


.71 


.629635 


6.93 


.470465 


18 


43 


.606354 


6.22 


.976404 


.71 


.629950 


6.93 


.470050 


17 


44 


.506727 


6.21 


.976361 


.71 


.630366 


6.92 


.469634 


16 


45 


.607099 


6.20 


.976318 


.71 


.630781 


6.91 


.469219 


15 


46 


.607471 


6.20 


.976275 


.71 


.631196 


6.91 


.468804 


14 


47 


.507843 


6.19 


.976232 


.72 


.631611 


6.90 


.468389 


13 


48 


.508214 


6.19 


.976189 


.72 


.632025 


6.90 


.467976 


12 


49 


.608585 


6.18 


.976146 


.72 


.632439 


6.89 


.467561 


11 


60 


.508956 


6.18 


.976103 


.72 


.632853 


6.89 


.467147 


10 


51 


9.509326 


6.17 


9.976060 


.72 


9.533266 


6.88 


10.466734 


9 


.52 


.509696 


6.16 


.976017 


.72 


.533679 


6.88 


.466321 


8 


53 


.610065 


6.16 


.975974 


.72 


.634092 


6187 


.465908 


7 


54 


.510434 


6.15 


.975930 


.72 


.634504 


6.87 


.465496 


6 


55 


.610803 


6.15 


.976887 


.72 


.684916 


6.86 


.465084 


5 


56 


.611172 


6.14 


.975844 


.72 


.635328 


6.86 


.464672 


4 


67 


.511540 


6.13 


.975800 


.72 


.635739 


6.85 


.464261 


8 


68 


.511907 


6.13 


.975757 


.72 


.536150 


6.85 


.463850 


2 


59 


.512275 


6.12 


.975714 


.72 


.636561 


6.84 


.463439 


1 


60 


.612642 


6.12 


.975670 


.72 


.530972 


6.84 


.463028 







Cosine. 


D. 


Sine. 


D. 


Cotang. 


D. 


Tang. 


M. 



710 



19* 



TANGENTS, AND COTANGENTS. 



87 



M. 


Sine. 


D. 


Cosine. 


D. 


Tang. 


D. 


Cotang. 






9.612642 


6.12 


9.976670 


"8" 


9.636972 


6.84 


10.468028 


"65" 




.613009 


6.11 


.975627 


.78 


.687882 


6.88 


.462618 


69 




.613376 


6.11 


.976683 


.78 


.687792 


6.88 


.462208 


68 




.613741 


6.10 


.976589 


.78 


.688202 


6.82 


.461798 


67 




.614107 


6.09 


.976496 


.78 


.688611 


6.82 


.461389 


66 




.514472 


6.09 


.975462 


.73 


.639020 


6.81 


.460980 


66 




.i>14837 


6.08 


.976408 


.78 


.639429 


6.81 


.460671 


64 




.615202 


6.08 


.975365 


.78 


.639837 


6.80 


.460168 


68 




.615666 


6.07 


.975321 


.78 


.540245 


6.80 


.469766 


62 




.615930 


6.07 


.976277 


.73 


.640653 


679 


.459847 


61 




.616294 


6.06 


.975233 


.73 


.641061 


6.79 


.456989 


60 




9.516657 


6.05 


9.9751b9 


.73 


9.641468 


6.78 


10.468532 


49 




.517020 


6.05 


.975145 


.73 


.641876 


6.78 


.458126 


48 




.617382 


6.04 


.975101 


.78 


.642281 


6.77 


.457719 


47 




.617745 


6.04 


.976057^ 


.78 


.642688 


6.77 


.457812 


46 




.518107 


6.08 


.976018 


.78 


.648094 


6.76 


456906 


46 




.618468 


6.08 


.974969 


.74 


.643499 


6.76 


.456501 


44 




.618829 


6.02 


.974926 


.74 


.648905 


6.76 


.456095 


48 




.619190 


6.01 


.974880 


.74 


.644310 


6.76 


.455690 


42 




.519561 


6.01 


.974836 


.74 


.644715 


6.74 


.455285 


41 




.619911 


6.00 


.974792 


.74 


.645119 


6.74 


.454881 


40 




9.520271 


6.00 


9.974748 


.74 


9.646524 


6.73 


10.454476 


89 


22 


.620631 


6.99 


.974703 


.74 


.646928 


6.78 


.464072 


88 


28 


.620990 


6.99 


.974659 


.74 


.646331 


6.72 


.458669 


87 


24 


.621349 


6.98 


.974614 


.74 


.646735 


6.72 


.453266 


86 


25 


.621707 


6.98 


.974670 


.74 


.647188 


6.71 


.462862 


86 


26 


.622066 


6.97 


.974626 


.74 


.647640 


6.71 


.462460 


84 


27 


.522424 


6.96 


.974481 


.74 


.647943 


6.70 


.452067 


88 


28 


.622781 ^ 


6.96 


.974436 


.74 


.648845 


6 70 


.461656 


82 


29 


.623138 


6.95 


.974891 


.74 


.648747 


6.69 • 


.451268 


81 


30 


.623496 


6.96 


.974847 


.75 


.649149 


6.69 


.450851 


80 


81 


9.523852 


6.94 


9.974302 


.75 


9.649650 


668 


10.450450 


29 


82 


.624208 


6.94 


.974257 


.76 


.649951 


6.68 


.450049 


28 


83 


.524664 


6 93 


.974212 


.76 


.660352 


6.67 


.449648 


27 


84 


.624920 


698 


.974167 


.76 


.660762 


6.67 


.449248 


26 


86 


.626275 


6.92 


.974122 


.75 


.661152 


6.66 


.448848 


25 


36 


.526680 


6.91 


.974077 


.76 


.651552 


6.66 


.448448 


24 


87 


.625984 


6.91 


.974032 


.76 


.651952 


6.66 


.448048 


23 


88 


.626339 


6.90 


.973987 


.76 


.552351 


6.66 


.447649 


22 


^ 


.526693 


6 90 


.973942 


.75 


.652750 


6.66 


.447250 


21 


40 


.627046 


6.89 


.973897 


.76 


.653149 


6.64 


.446851 


20 


41 


9.527400 


6.89 


9.973852 


.75 


9.563548 


6.64 


10.446452 


19 


42 


.527753 


6.88 


.973807 


.75 


.653946 


6.63 


.446054 


18 


^ 


.628105 


6.88 


.073761 


.75 


.654344 


6.63 


.445656 


17 


li 


.628458 


6.87 


.978716 


.76 


.654741% 
.655139 


6.62 


.445259 


16 


46 


«.528810 


6.87 


.973671 


.76 


^ 6.62 


.444861 


15 


46 


.529161 


6.86 


.978625 


.76 


.665536 


6.61 


.444464 


14 


47 


.529513 


6.86 


.978580 


.76 


.655933 


6.61 


.444067 


J3 


48 


.529864 


6.86 


.978535 


.76 


•.666329 


6.60 


.443671 


12 


49 


.530215 


6.86 


.973489 


.76 


.656725 


6.60 


.443276 


11 


50 


.630565 


6.84 


.973444 


.76 


.657121 


6.59 


.442879 


10 


51 


9.530yi5 


6.84 


9.973398 


.76 


9.557617 


6.69 


L0.442483 9 | 


62 


.631265 


6.83 


.973352 


.76 


.557913 


6.69 


.442087 


8 


63 


.631614 


6.82 


.973307 


.76 


.558308 


6.58 


.441692 


7 


64 


.631963 


6.82 


.973261 


.76 


.658702 


6.68 


.441298 


6 


66 


.632312 


6.81 


.973215 


.76 


.559097 


6.67 


.440903 


6 


66 


.632661 


6.81 


.973169 


.76 


.559491 


6.57 


.440509 


4 


57 


.633009 


5.80 


.973124 


.76 


.559885 


6.56 


.440115 


8 


68 


.533357 


6.80 


.973078 


.76 


.560279 


6.56 


.439721 


2 


69 


.633704 


6.79 


.973032 


.77 


.560673 


6.55 


.439327 


1 


60 


.634052 


6.78 


.972986 


.77 


.561066 


6.56 


.438934 







Cosine. | 


D. 


Sine. 


D. 1 


Cotang. 


D. 1 


Tanp. M. | 



18* 



7(P 



88 



LOOABITHMIC SINES, COSINES, 



20" 



rw 


Sine. 


D. 


Cosine. 


D. 


Tang. 


D. 


Cotang. 




T" 


9.584052 


6.78 


9.972986 


.77 


9.561066 


aU 


10.488934 


"60" 


1 


.634899 


6.77 


.972940 


.77 


.661459 


6.64 


.438541 


69 


2 


.534745 


6.77 


.972894 


.77 


.661851 


6.54 


.488149 


68 


8 


.535092 


6.77 


.972848 


.77 


.662244 


6.58 


.487756 


57 


4 


.585488 


6.76 


.972802 


.77 


.662636 


6.68 


.487364 


56 


6 


.585788 


6.76 


.972766 


.77 


.668028 


6.68 


.486972 


56 


6 


.586129 


6.76 


.972709 


.77 


.668419 


6.62 


.436581 


64 


7 


.586474 


6.74 


.972663 


.77 


.668811 


6.62 


.486189 


63 


8 


.536818 


6.74 


.972617 


.77 


.^4202 


6.51 


.486798 


62 


9 


.587168 


6.78 


.972570 


.77 


.664592 


6.61 


.486408 


61 


10 


.587507 


6.78 


.972524 


.77 


.564988 


6.50 


.485017 


60 


u 


9.537851 


6.72 


9.972478 


.77 


9 565373 


6.50 


10.434627 


49 


12 


.588194 


6.72 


.972481 


.78 


.665763 


6.49 


.484237 


48 


18 


.588588 


6.71 


.972885 


.78 


.666153 


6.49 


.483847 


47 


14 


.588880 


6.71 


.972338 


.78 


.666542 


6.49 


.483458 


46 


15 


.539228 


6.70 


.972291 


.78 


.566932 


6.48 


.433068 


46 


16 


.589565 


6.70 


.972246 


.78 


.667320 


6.48 


.432680 


44 


17 


.539907 


6.69 


.972198 


.78 


.567709 


6.47 


.48*2291 


43 


18 


.540249 


6.69 


.972161 


.78 


.568098 


6.47 


.481902 


42 


19 


.540590 


6.68 


.972106 


.78 


.668486 


646 


.431514 


41 


20 


.540931 


6.68 


.972058 


.78 


.668873 


6.46 


.431127 


40 


21 


9.541272 


6.67 


9.972011 


.78 


9.669261 


6 46 


i0.430739 


89 


22 


.541618 


6.67 


.971964 


.78 


.669648 


6.46 


480352 


88 


23 


.541958 


6.66 


.971917 


.78 


.670086 


6.46 


.429966 


87 


24 


.542293 


6.66 


.971870 


.78 


.670422 


6.44 


.429578 


86 


26 


.542682 


6.65 


.971828 


.78 


.670809 


6.44 


.429191 


86 


26 


.542971 


6.66 


.971776 


.78 


.671195 


6.43 


.428805 


84 


27 


.543310 


6.64 


.971729 


.79 


.671581 


6 43 


.428419 


83 


28 


.543649 


6.64 


.971682 


.79 


.671967 


6.42 


.428033 


82 


29 


.543987 


6.63 


.971636 


.7Q 


.672352 


6.42 


• .427648 


81 


30 


.544325 


6.63 


.971588 


.79 


.572738 


642 


.427262 


80 


31 


9.544663 


6.62 


9.971540 


.79 


9.573123 


6.41 


10.426877 


29 


32 


.545000 


6.62 


.971493 


.79 


.673507 


6.41 


.426498 


28 


33 


.545338 


6.61 


.971446 


.79 


.573892 


6.40 


.426108 


27 


34 


.545674 


6.61 


.971398 


.79 


.674276 


6.40 


.425724 


26 


35 


.646011 


6.60 


.971351 


.79 


.674660 


6.89 


.425340 


26 


86 


.546347 


6.60 


.971303 


.79 


.675044 


6.89 


.424956 


24 


87 


.546683 


6.59 


.971256 


.79 


.675427 


6.39 


.424578 


23 


38 


.547019 


6.59 


.971208 


.79 


.675810 


6.88 


.424190 


22 


39 


.547354 


6.58 


.971161 


.79 


.676198 


6.88 


.423807 


21 


40 


.547689 


6.68 


.971118 


.79 


.676576 


6.87 


.423424 


20 


41 


9.548024 


6.57 


9.971066 


.80 


9.576958 


6.37 


10.423041 


19 


42 


.548359 


6.67 


.971018 


.80 


.677341 


6.86 


.422659 


18 


43 


.548698 


6.56 


.970970 


.80 


.677723 


6.86 


.422277 


17 


44 


.549027 


6.56 


.970922 


.80 


.678104 


6.86 


.421896 


16 


45 


.549360 


6.55 


.970874 


.80 


.678486 


6.86 


.421614 


16 


46 


.549693 


6.55 


.970827 


.80 


.678867 


6.35 


.421133» 


14 


47 


.550026 


6.64 


.970779 


.80 


.679248 


6.34 


.420752 


13 


48 


.550359 


6.64 


.970731 


.80 


.679629 


6.34 


.420871 


12 


49 


.650692 


6.53 


.970688* 


.80 


.680009 


6.84 


.419991 


11 


50 
51 


.551024 


6.58 
6.52 


.970636 


.80 


.680389 


6.38 


.419611 
10.419231 


10 
9 


9.551356 


9.970586 


.80 


li:68076r 


6.83 


62 


.551687 


6.52 


.970538 


.80 


.681149 


6.32 


.418851 


8 


63 


.552018 


6.62 


.970490 


.80 


.681528 


6.32 


.418472 


7 


54 


.652349 


6.51 


.970442 


.80 


.581907 


6.82 


.418093 


6 


55 


.552680 


6.51 


.970394 


.80 


.682286 


6.31 


.417714 


6 


56 


.5530 10 


6.50 


.970345 


.81 


.682665 


6.31 


.417335 


4 


67 


.553341 


5.50 


.970297 


.81 


.583043 


6 30 


.416957 


8 


58 


.553670 


5.49 


.970249 


.81 


.683422 


6.30 


.416578 


2 


59 


.654000 


5.49 


.970200 


.81 


.583800 


6.29 


.416200 


1 


60 


.654329 


5.48 


.970152 


.81 


.684177 


6.29 


.415823 





^_^ 


Cosine. 


D. 


Sine. 


D. 


1 Cotang. 


1 D- 


Tang. 


M. 



690 



21" 



M. 


1 Sine. 


D. 


Cosine. 


D. 


Tang. 


D. 


Cotang. 







9.554329 


5.48 


9.970152 


TbT 


9.584177 


6.29 


10.415823 


60 


1 


.554658 


5.48 


.970103 


.81 


.684555 


6.29 


.415445 


69 


2 


.554987 


6.47 


.970056 


.81 


.684932 


6.28 


.415068 


68 


3 


.555315 


6.47 


.970006 


.81 


.686309 


6.28 


.414691 


57 


4 


.555648 


6.46 


.969967 


.81 


.685686 


6.27 


.414314 


56 


5 


.655971 


6.46 


^969909 


.81 


.686062 


6.27 


.413938 


55 


6 


.656299 


6.45 


.969860 


.81 


.686439 


6.27 


.413661 


54 


7 


.556626 


6.46 


.969811 


.81 


.666815 


6.26 


.413165 


58 


8 


.556953 


6.44 


.969762 


.81 


.667190 


6.26 


.412610 


62 


9 


.657280 


6.44 


.969714 


.81 


.567506 


6 25 


.412434 


61 


10 


.657606 


6.43 


.969665 


.81 


.687941 


C.25 


.412059 


50 


11 


9.557S^2 


5.43 


9.b61i616 


.82 


yMtSlQ 


ii.J.0 


10.411684 i 49 1 


12 


.658268 


6.48 


.969567 


.82 


.58^691 


6.24 


.411309 


48 


13 


.658588 


6.42 


.969518 


.82 


,6£S066 


6.24 


.410934 


47 


14 


' .668909 


6.42 


.969469 


.62 


.569440 


6.23 


.410560 


46 


15 


.659234 


6.41 


.969420 


.82 


.669614 


6.23 


^10166 


46 


16 


.669558 


6.41 


.^69370 


.82 


.690168 


6.23 


.409612 


44 


17 


.659883 


6.40 


.969321 


.82 


.690562 


6.22 


.409438 


43 


18 


.660207 


6.40 


.969272 


.62 


.690935 


6.22 


.409065 


42 


19 


.660531 


6.39 


.969223 


.82 


.691308 


6.22 


.408692 


41 


20 


.660855 


6.39 


.969173 


.62 


.591661 


6.21 


.408319 


40 
39 


21 


9.561178 


5.38 


9.i/69l24 


.82 


9.592054 


6.21 


10.407946 


22 


.661501 


6.88 


.969075 


.82 


.592426 


6.20 


.407574 


38 


23 


.561824 


6.37 


.969025 


.62 


.692798 


6.20 


.407202 


87 


24 


.562146 


6 37 


.968976 


.82 


.693170 


6.19 


.406629 


86 


26 


.662468 


6.36 


.968926 


.68 


.693542 


6.19 


.406458 


35 


26 


.662790 


6.36 


.968877 


.63 


.693914 


6.18 


^06086 


34 


27 


.563112 


6.36 


.968827 


.83 


.694285 


6.18 


^05715 


83 


28 


^63433 


6.35 


.968777 


.83 


.694656 


6.18 


.405344 


82 


29 


.663756 


6.35 


J»68728 


.83 


.695027 


6.17 


.404973 


81 


30 


.564075 


6.34 


.968678 


.83 


.696398 


6.17 


.404602 


80 


31 


9.564396 


6.34 


9.96b628 


.83 


9.695768 


6.17 


10.404232 


29 


32 


,564716 


6.33 


i>68578 


.83 


.696138 


6.16 


.403862 


28 


33 


.665036 


6 33 


.968528 


.88 


.696508 


6.16 


.403492 


27 


34 


.665356 


6.32 


.968479 


.83 


.696878 


6.16 


.403122 


26 


35 


.665676 


6.32 


.968429 


.83 


.697247 


6.16 


.402753 


26 
24 


36 


.665995 


6.31 


.968379 


.83 


.697616 


6.15 


.402384 


37 


.666314 


6.31 


.968329 


.88 


.697986 


6.15 


.402015 


23 


38 


.666632 


6.31 


.968278 


.88 


.698354 


6.14 


.401646 


22 


39 


.666951 


6 30 


.968228 


.84 


.598722 


6.14 


^01278 


21 


40 


.567269 


6.30 


.968178 


.84 


.599091 


6.13 


^00909 


20 


41 


9.567687 


5.29 


9.968128 


.84 


9.599459 


6.13 


10.400541 


19 


42 


.667904 


6.29 


.968078 


.84 


.699827 


6-13 


.400173 


18 


43 


.568222 


6.28 


.968027 


.84 


.600194 


6.12 


.899806 


17 


44 


.668539 


6.28 


.967977 


.84 


.600562 


6.12 


.399438 


16 


45 


.668856 


6.28 


.967927 


.84 


.600929 


6.11 


.399071 


15 


46 


.669172 


6.27 


.967876 


.84 


.601296 


6.11 


.898704 


14 


47 


.669488 


6.27 


.967826 


.84 


.601662 


6.11 


.896338 


13 


48 


.569804 


6.26 


.967775 


.84 


.602029 


6.10 


.397971 


12 


49 


.670120 


6.26 


.967726 


.84 


.602395 


6.10 


.897605 


11 


50 


.570436 


6.26 


.967674 


.84 


.602761 


6.10 


.397239 


10 


51 


9.570751 


6.25 


9.967624 


.64 


9.603127 


6.09 


10.3b6l73 9 1 


52 


.571066 


6.24 


.967578 


.84 


.603493 


6.09 


.896507 ; 8 1 


53 


.671380 


6.24 


.967522 


.85 


.603658 


6.09 


.896142 


7 


54 


.671695 


6.23 


.967471 


.86 


.604223 


6.08 


.895777 


6 


55 


.672009 


6.28 


.967421 


.85 


.604588 


6.08 


.895412 


6 


56 


.572323 


6.23 


.967370 


.86 


.604953 


6.07 


.895047 4 1 


57 


.572636 


6.22 


.967319* 


v85 


.605317 


6.07 


.394663 3 | 


58 


.572950 


6.22 


.967268 


.85 


.605682 


6.07 


.394318 


2 


69 


.573263 


6.21 


.967217 


.85 


.606046 


6.06 


.893954 


1 


60 


.573575 


5.21 


.967166 


.85 


.606410 


6.06 


.393590 








Cosine ! 


D. 


Sine. 1 


D. 


Cotang. 


D. 1 


Tang. J M | 
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LOGARITHMIC SINES, COSINES, 



22* 



"K 


Sine. 


D 


Cosine. 


1 1>. 


Tang. 


1 I>. 


Cotang. 







».573575 


5.21 


9 9^7166 


.fc5 


9.606410 


6.06 


10.393590 


"6U" 


1 


.573888 


6.20 


.967115 


.85 


.606773 


6.06 


.393227 


59 


2 


.574200 


6.20 


.967064 


.85 


.607137 


6.05 


.892863 


58 


3 


.674512 


6.19 


.967013 


.85 


.607500 


6.05 


.392500 


57 


4 


.574824 


6.19 


.966961 


.85 


.607863 


6.04 


.392137 


56 


5 


.675136 


6.19 


.966910 


.85 


.608225 


6.04 


.391775 


65 


6 


.575447 


6.18 


.966859 


.85 


.608588 


6.04 


.891412 


64 


7 


.575758 


6.18 


.966808 


.85 


.608950 


6.03 


.891050 


63 


8 


.676069 


6.17 


.966756 


.86 


.609312 


6.08 


.390688 


52 


X9 


.576379 


6.17 


.966705 


.86 


.6096741 


6.03 
< 6.02 


.390326 


51 


10 


.676689 


5.16 


.900653 


.£6 


.610036 


.389964 


50 


11 


9.576999 


6.16 


9.1)60002 


.£0 


9610397 


6.02 


10.38i;603 


49 


12 


.577309 


6.16 


.906550 


.86 


.610759 


6.02 


.889241 


48 


13 


.577618 


6.15 


.900499 


.86 


.611120 


6.01 


.388C£0 


47 


14 


.677927 


6.15 


.960447 


.86 


.611480 


6.01 


.388520 


46 


15 


.578236 


6.14 


.966395 


.86 


.611841 


6.01 


.888159 


45 


16 


^78545 


5.14 


.966344 


.86 


.612201 


6.00 


.387799 


44 


17 


.578853 


6.13 


.966292 


.£6 


.612561 


6.00 


.317439 


43 


18 


.579162 


6.13 


.966240 


.86 


.612921 


6.00 


.387079 


42 


19 


.579470 


6.13 


.960188 


.86 


.613281 


6.99 


.386719 


41 


20 


.579777 


6.12 


.906136 


.86 


.613641 


6.99 


.386359 


40 


21 


9.580065 


6.12 


9.966085 


.8/ 


9.614000 


5.98 


10.386000 


89 


22 


.580302 


5.11 


.966033 


.87 


.614359 


6.98 


.385641 


88 


23 


.580699 


6.11 


.965981 


.87 


.614718 


6.98 


.385282 


37 


24 


.581005 


6.11 


.965028^ 


.87 


.615077 


5.97 


.884923 


86.' 


25 


.581313 


6.10 


.905876 


.87 


.615435 


5.97 


.884565 


85 


26 


.581618 


6.10 


.965824 


.87 


.615793 


5.97 


.384207 


84 


27 


.581924 


6.09 


.905772 


.87 


.616151 


6.96 


.383849 


33 


28 


.582229 


6.09 


.905720 


.87 


.616509 


6.96 


.383491 


82 


29 


.582535 


5.09 


.905068 


.87 


.616867 


6.96 


.383133 


31 


^0 
81 


.582840 
9.583145 


5.08 


.965616 


.87 


.617224 


6.95 


.382776 


80 


6.08 


9.965663 


.87 


9.617582 


5.95 


10.382418 


29 


32 


.583449 


6.07 


.965511 


.87 


.617939 


6.96 


.382061 


28 


33 


.583754 


5.07 


.965458 


.87 


.618295 


6.94 


.881705 


27 


r34 


.584058% 


6.06 
"^ 6.06 


.965406 


.87 


.618652 


6.94 


.381348 


26 


35 


.584361 


.965353 


.88 


.619008 


5.94 


.380992 


25 


38 


.584665 


5.06 


.965301 


.88 


.619364 


6.93 


.380636 


24 


37 


.584968 


6.05 


.965248 


.88 


.619721 


6.93 


.880279 


23 


38 


.685272 


6.05 


.965195 


.88 


.620076 


6.93 


.879924 


22 


39 


.585574 


6.04 


.965143s 


.88 


.620432 


6.92 


.379568 


21- 


40 
41 


.585o77 


604 


.965090 


*.88 


.620787 


6 92 


.379213 


20 


9 58617 i) 


6.03 


9.b65037 


.88 


9.621142 


5.92 


10.378858 


19 


42 


.586482 


6.03 


.964984 


.88 


.621497 


6.91 


.878603 


18 


43 


.586783 


6.03 


.964931 


.88 


.621862 


6.91 


.878148 


17 


44 


.587085 


6.02 


.964879 


.88 


.622207 


6.90 


.377793 


16 


45 


.587386 


6.02 


.964826 


.88 


.622561 


6.90 


.877439 


15 


46 


.687688 


6.01 


.964773 


.88 


.622915 


6.90 


.877085 


14 


47 


.687989 


6.01 


.964719 


.88 


.623269 


6.89 


.876731 


13 


48 


.588289 


6.01 


.904666 


.89 


.623628 


6.89 


.876377 


12 


49 


.688590 


6.00 


.964613 


.89 


.923976 


6.89 


.376024 


11 


50 


.588890 


6.00 


.964560 


89 


624330 


6.88 


.875670 


10 


51 


9 689190 


4.99 


9.964507 


89 


9.624683 


6.88 


10.875817 


9 


52 


.589489 


4.99 


.964454 


89 


.625036 


6.88 


.874964 


8 


53 


.589789 


4.99 


.964400 


.89 


.626388 


6.87 


.874612 


7 


54 


.590088 


4.98 


.964347 


89 


.625741 


6.87 


.874269 


6 


55 


.590387 


4.98 


.964294 


.89 


.626093 


6.87 


.878907 


6 


56 


.590686 


4.97 


.964240 


.89 


.626445 


6.86 


.878566 


4 


57 


.690984 


4.97 


.964187 


89 


626797 


6 86 


.873203 


8 


58 


.691282 


4.97 


.964133 


89 


.627149 


6.86 


.872851 


2 


59 


.691680 


4.96 


.964080 


.89 


627501 


6.86 


.872499 


1 


60 


.591878 


4.96 


.964026 


.89 


.627852 


6.86 


872148 







Cosine. 


J »• 


Sine. 


1 D. 


I Cotang. 


D. 


1 Tang. 


M. 
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M. 


Sine. 


D. 


CJosine. 


D. 


Tang. 


D. 


Cotang. 1 1 





9.691678 


4.96 


9.964U26 


.89 


9.627852 


6.86 


10.372148 


60 


1 


.592176 


4.95 


.963972 


.89 


.628203 


6.86 


.871797 


69 


2 


.592473 


4.95 


^3919 


.69 


.628554 


6.86 


.871446 


68 


3 


.592770 


4.95 


' .963865 


.90 


.628905 


6.84 


.871006 


67 


4 


.598067 


4.94 


.963811 


.90 


.629255 


6.84 


870746 


66 


5 


.593363 


4.94 


.963757 


.90 


.629606 


6.88 


.870894 


66 


6 


.593659 


4.93 


.963704 


.90 


.629956 


6.88 


.870044 


64 


7 


.593955 


4.93 


.963650 


..90 


.630306 


6.88 


.869694 


68 


8 


.594251 


4.93 


.963596 


90 


.630656 


6.83 


.869844 


62 


9 


.694547 


4.92 


.963542 


.90 


.631005 


6.82 


.866995 


61 


10 


.694842 


4.92 


.963488 


.90 


.631356 


6.82 


.866646 


60 


11 


9.595137 


4.91 


9.963484 


.90 


9.631704 


6.82 


10.8662E6 


49 


12 


.595432 


4.91 


.963370 


.90 


.632058 


6.81 


.867947 


48 


13 


.695727 


4.91 


.963325 


.90 


.632401 


6.81 


.867699 


47 


14 


.596021 


4.90 


.963271 


.90 


.682750 


6.81 


.867260 


46 


15 


.596315 


4.90 


.963217 


.90 


.638098 


6.80 


.866902 


45 


16 


.696609 


4.89 


.963163 


.90 


.633447 


6.80 


.866668 


44 


17 


.696903 


4.89 


.963108 


.91 


.633796 


6.80 


.866206 


48 


18 


.597196 


4.89 


.963054 


.91 


.634143 


6.79 


.866857 


42 


19 


.697490 


4.88 


.962999 


.91 


.634490 


6.79 


.866610 


41 


20 


.5977C3 


4.88 


.962945 


.91 


.634888 


6.79 


.865162 


40 


21 


9.598076-1 


r 4.87 


9.962890 


.91 


9.635186 


6.78 


10.864816 


89 


22 


.598368 


4.87 


.962836 


.91 


.636532 


6.78 


.364468 


88 


23 


.698660 


4.t7 


.902781 


.91 


.636879 


6.78 


.864121 


87 


24 


.598952 


4.e6 


.962727 


.91 


.636226 


6.77 


.863774 


86 


25 


.599244 


4.86 


.902672 


.91 


.636572 


6.77 


.863428 


86 


26 


.509536 


4.85 


.962617 


.91 


.636919 


6.77 


.863081 


84 


27 


.599827 


4.85 


.962562 


.91 


.637265 


6.77 


.862786 


88 


28 


.600118 


4.85 


.902508 


.91 


.637011 


6.76 


.362389 


82 


29 


.600409 


4.84 


.062453 


.91 


.637956 


6.76 


.302044 


81 


30 


.600700 


4.84 


.962398 


.92 


.638302 


6.76 


.361698 


80 


31 


9.600990 


4.84 


9.962343 


.02 


9.CJfc647 


6.75 


10.861368 


29 


32 


.6012E0 


4.83 


.962288 


.92 


.636992 


6.76 


.861008 


28 


33 


.601670 


4.83 


.962233 


.92 


.639337 


6.76 


.860668 


27 


34 


.601660 


4.82 


.902178 


.92 


.639682 


6.74 


.360318 


26 


35 


.602150 


4.82 


.962123 


.92 


.640027 


6.74 


.359978 


26 


36 


.602489 


4.82 


.962067 


.92 


.640371 


6.74 


.350629 


24 


37 


.602728 


4.81 


.962012 


.92 


.640716 


6.78 


.869264 


28 


38 


.603017 


4.81 


.961957 


.92 


.641000 


6.73 


.368940 


22 


39 


.603305 


4.81 


.961902 


.92 


.641404 


6.78 


.856596 


21 


40 


.603594 


4.80 


.961846 


.92 


.641747 


6.72 


.858258 


20 


41 


9.6038b2 


4.80 


9.96l7i>l 


.02 


9.642U01 


6.72 


10.857909 


19 


42 


.604170 


4.79 


.961736 


.92 


.642434 


6.72 


.867666 


18 


1^43 


.604457 


4.79 


.961680 


.92 


.642777 


6.72 


.357223 


17 


44 


.604745 


4.79 


.901624 


.93 


.643120 


6.71 


.366680 


16 


45 


.605082 


4 78 


.961569 


.98 


.643468 


6.71 


.356587 


16 


46 


.605319 


4.78 


.961513 


.93 


.648806 


6.71 


856194 


14 


47 


.605606 


4.78 


.961458 


.93 


.644148 


6.70 


.855852 


18 


48 


.605892 


4.77 


.961402 


.93 


.644490 


6.70 


.856610 


12 


49 


.606179 


4.77 


.961346 


.93 


.644882 


6.70 


.865168 


11 


50. 


.606466 


4.76 


.961290 


.93 


.645174 


- 5.69 


.854826 


10 


51 


9.606751 


4.76 


9.961235 


.93 


9.645516 


5.69 


10.854484 


9 


52 


607036 


4.76 


.961179 


.93 


.645657 


6.69 


.854143 


8 


53 


.607322 


4.76 


.961128 


.93 


.646199 


6.69 


.858801 


7 


54 


.607607 


4.75 


.961067 


.93 


.646540 


6.68 


.858460 


6 


55 


.607892 


4.74 


.961011 


.93 


.646881 


6.68 


.858119 


6 


-M 


.608177 


4.74 


.960955 


.98 


.647232 ^ 


6.68 
^ 6.67 


852778 


4 


57 


.608461 


4.74 


.960899 


.93 


.647562 


.862488 


8 


58 


.608745 


4.78 


.960843 


.94 


.647903 


6.67 


.852097 


2 


59 


.609029 


4.78 


.960786 


.94 


.648248 


667 


.861757 


1 


60 


.609313 


4.73 


.960780 


.94 


.648588 


6.66 


.861417 



M 




Cosine 


.^- 


Sine. 


D 


Cotang. 


D. 1 
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LOGASrrHUIO SDIES, C0SINE8, 
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M 


Sine. 


■ i> 


Cosine. 


|D: 


Tang. 


1 I>. 


Cotang. 




a 


9.0U9313 


4.73 


9.9 ,0730 


.94 


9.648583 


6.66 


10.351417 


"W 


1 


.609697 


4.78 


.960674 


.94 


.648923 


5.66 


.351077 


69 


2 


.6098^0 


4.72 


.960618 


.94 


.649263 


6.66 


.850787 


68 


8 


.610164 


4.72 


.960561 


.94 


.649602 


6.66 


.850398 


67 


4 


.610447 


4.71 


.960505 


.94 


.649942 


6.65 


.850058 


66 


6 


.610729 


4.71 


.960448 


.94 


.650281 


6.65 


.849719 


66 


6 


.611012 


4.70 


.960392 


.94 


.650620 


6.65 


.349380 


64 


7 


.611294 


4.70 


.960335 


.94 


.650959 


6.64 


.849041 


63 


8 


.611576 


4.70 


.960279 


.94 


.651297 


6.64 


.848703 


62 


9 


.611858 


4.69 


.960222 


.94 


.651636 


6.64 


.848364 


61 


10 
11 


.612140 


4.69 


.960165 


.94 


.651974 


6.68 


.848026 


50 


9 612421 


4.69 


9.960109 


.95 


9 652312 


6.63 


10.347688 


49 


12 


.612702 


4.68 


.960052 


.95 


.652650 


6.63 


.847350 


48 


13 


.612983 


4.68 


.959995 


.95 


.652988 


6.63 


.847012 


47 


14 


.613264 


4.67 


.959938 


.95 


.653326 


6.62 


.846674 


46 


15 


.613545 


4.67 


.959882 


.95 


.653663 


6.62 


.«6337 


45 


16 


.618825 


4.67 


.959825 


.95 


.654000 


6.62 


.846000 


44 


17 


.614105 


4.66 


.959768 


.96 


.654337 


6.61 


.845663 


43 


18 


.614385 


4.66 


.959711 


.95 


.654674 


6.61 


.846326 


42 


19 


.614665 


4.66 


.959654 


.95 


.666011 


6.61 


.844989 


41 


20 
21 


.614944 


4.65 


.959596 


.95 


.655348 


6.61 


.844652 


40 


9.615223 


4.65 


9.959539 


.95 


9.655684 


6.60 


10.344316 


89 


22 


.615502 


4.65 


.959482 


.96 


.656020 


6.60 


.843980 


88 


23 


.615781 


4.64 


.959425 


.95 


.656356 


6.60 


.843644 


37 


24 


.616060 


4.64 


.959368 


.95 


.656692 


6.59 


.843308 


86 


25 


.616338 


4 64 


.959310 


.96 


.657028 


6.59 


.842972 


85 


26 


.616616 


4.63 


.969253 


.96 


.657364 


6.69 


.842636 


84 


27 


.616894 


4.63 


.959195 


.96 


.657699 


669 


.842301 


33 


28 


.617172 


4.62 


.959138 


.96 


.658034 


6.58 


.841966 


82 


29 


.617450. 


. 4.62 


.959081 


.96 


.658369^ 


- 6.68 


.841681 


81 


30 


.617727 


4.62 


.959023 


.96 


.658704 


6.68 


.841296 


80 


31 


9.618004. 


4.61 
^ 4.61 


9.958965 


.96 


9.659039 


6.68 


10.340961 


'^J 


32 


.618281 


.958908 


.96 


.659378 


6.67 


.840627 


28 


33 


.618558 


4.61 


.968850 


.96 


.659708 


6.67 


.840292 


27 


34 


.618834 


4.60 


.958792 


.96 


.660042 


6.67 


.839958 


26 


35 


.619110 


4.60 


.958734 


.96 


.660376 


6.57 


.839624 


25 


30 


.6193S6 


4.60 


.958677 


.96 


.660710 


6.66 


.339290 


24 


37 


.619662 


4.59 


.958619 


.96 


.661043 


6.56 


.838957 


23 


38 


.619938 


4.59 


.958561 


.96 


.661377 


6.56 


.838623 


22 


39 


.620213 


4.59 


.958503 


.97 


.661710 


6.55 


.838290 


21 


40 
41 


.620488 
9.620763 


4.58 


.958445 


.97 
.97 


.662043 
9.662376" 


6.55 


.837957 


20 
19 


4.58 


9.958387 


6.55 


10.337624 


42 


.621038 


4.57 


.968329 


.97 


.662709 


6.54 


.837291 


18 


43 


.621313 


4.57 


.958271 


.97 


.663042 


6.54 


.836958 


17 


44 


.6215S7 


4.57 


.958213 


.97 


.663375 


6.54 


.836625 


16 


45 


.621861 


4.56 


.958154 


.97 


.663707 


6.54 


.830293 


15 


46 


.622135 


4.56 


.958096 


.97 


.664039 


6.53 


.835961 


14 


47 


.622409 


4.56 


.958038 


.97 


.664371 


6.53 


.835629 


13 


48 


.622682 


4.55 


.957979 


.97 


.664703 


6.63 


.835297 


12 


49 


.622956 


4.55 


.957921 


.97 


.965035 


6.53 


.834965 


11 


60 


.623229 


4.55 


.957863 


.97 


.665366 


6.52 


.834634 


10 


51 


9.623502 


4.54 


9.957804 


.97 


9.665697 


6.52 


10.334303 


9 


52 


.623774 


4.54 


.957746 


.98 


.666029 


6.52 


.833971 


8 


63 


.624047 


4.54 


.957687 


.98 


.666360 


6.61 


.833640 


7 


54 


.624319 


4.53 


.957628 


.98 


.666691 


5.51 


.833309 


6 


65 


.624591 


4.53 


.957570 


.98 


.667021 


6.51 


.832979 


6 


66 


.624863 


4.53 


.957511 


.98 


.667352 


6.51 


.832648 


4 


67 


.625135 


4.52 


.957452 


.98 


.667682 


6.50 


.832318 


3 


58 


.625406 


4.52 


.957393 


.98 


.668013 


6.50 


.831087 


2 


59 


.625677 


4.52 


.957335 


.98 


.668343 


6.50 


.831657 


1 


60 


.625948 


4.51 


.957276 


.98 


.668672 


5.60 


.831328 







Cosine. 


D. 


Sine. 


D. 


Cotang. 


^- . 


Tang. 


iL 
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M. 


Sine. 


D. 


Cosine. 


D. 


1 Tang. 


D. 


1 Cotang. 









&.625948 


4.61 


9.957276 


.98 


9.668673 


6.50 


10.331327 


"60 






.626219 


4.51 


.957217 


.98 


.669002 


5.49 


.330998 


69 






.626490 


4.51 


.967158 


.98 


.669332 


6.49 


.330668 


68 






.626760 


4.50 


.957099 


.98 


.669661 


5.49 


.830389 


67 






.627030 


4.50 


.967040 


.98 


.669991 


6.48 


.830009 


66 






.627300 


4.50 


.966981 


.98 


.670320 


6.48 


.829680 


66 






.627570 


4.49 


.966921 


.99 


.670649 


6.48 


.829351 


64 






.627840 


4.49 


.956862 


.99 


.670977 


6.48 


.829023 


68 






.628109 


4.49 


.956803 


.99 


.671806 


6.47 


.828694 


62 






.628378 


4.48 


.956744 


.99 


.671634 


6.47 


.82f3C6 


61 






.628647 


4.48 


.956684 


.99 


.671968 


6.47 


.821037 


50 






9.628916 


4.47 


9.956625 


.99 


9.672291 


6.47 


10.827709 


49 






.629185 


4.47 


.966566 


.99 


.672619 


6.46 


.827881 


48 






.629463 


4.47 


.956506 


.99 


.672947 


6.46 


.827063 


47 






.629721 


4.46 


.956447 


.99 


.673274 


6.46 


826726 


46 






.629989 


4.46 


.956387 


.99 


.673602 


6.46 


826398 


46 






.630257 


4.46 


.956327 


.99 


.673929 


6.46 


.826071 


44 






.630524 


4.46 


.956268 


.99 


.674257 


6.45 


.826743 


48 






.630792 


4.45 


.956208 


1.00 


.674584 


6.46 


.826416 


42 






.631059 


4.45 


.956148 


1.00 


.674910 


6.44 


.826090 


41 






.631826 


4.46 


.966089 


1.00 


.676237 


6.44 


.824763 


40 






9.631593 


4.44 


9.956029 


1.00 


9.675564 


6.44 


10.324436 


89 




22 


.631859 


4.44 


.966969 


1.00 


.675890 


6.44 


.824110 


88 




23 


.632125 


4.44 


.965909 


1.00 


.676216 


6.43 


.823784 


87 




24 


.632392 


4.48 


.965849 


1.00 


.676643 


6.43 


.823457 


86 




25 


.632658 


4.43 


.965789 


1.00 


.676869 


5.43 


.823131 


86 




26 


.632923 


4.43 


.956729 


1.00 


.677194 


6.43 


.822806 


84 




27 


.633189 


4:42 


.965669 


1.00 


.677620 


6.42 


.822410 


83 




28 


.633454 


442 


.956609 


1.00 


.677846 


6.42 


.822154 


32 




29 


.633719 


443 


.965548 


1.00 


.678171 


6.42 


.821829 


81 




30 


.633984 


4.41 


.965488 


100 


.678496 


6.42 


.821504 


80 




31 


9.634249 


4.41 


9.956428 


l.Ol 


9.678821 


6.41 


10.321179 


29 




^2 
33 


.634514-1 


- 4.40 


.955368 


1.01 


.679146 


6.41 


.820864 


28 


y 


.634778 


4.40 


. .956307 


101 


.679471 


6.41 


.820629 


27 




34 


.635042 


4.40 


.965247 


1.01 


.679795 


6.41 


.820206 


26 




35 


.635306 


4.39 


.955186 


1.01 


.680120 


6.40 


.3198f0 


26 




36 


.635670 


4.39 


.955126 


1.01 


.680444 


6.40 


.819656 


24 




37 


.635834 


4.39 


.956065 


1.01 


.680768 


6.40 


.819232 


23 




38 


.636097 


4.38 


.965005 


1.01 


.681092 


6.40 


.318908 


22 




39 


.636360 


4.38 


.954944 


1.01 


.681416 


5.39 


.818684 


21 




40 


.636623 


4.38 


.954883 


1.01 


.681740 


6.39 


.818260 


20 




41 


9.636886 


4.37 


9.954823 


1.01 


9.682063 


6.39 


10.317937 


19 




42 


.637148 


4.37 


.954762 


1.01 


.682387 


6.39 


.817613 


18 




43 


.637411 


4.37 


.964701 


1.01 


.682710 


6.38 


.817290 


17 




44 


.637673 


4.37 


.954640 


101 


.683033 


6.38 


.316967 


16 




45 


.637935 


4 36 


.954679 


1.01 


.683366 


6.38 


.316644 


15 




46 


.638197 


4.36 


.954618 


1.02 


.683679 


6.38 


.810321 


14 




47 


.638458 


4.86 


.954457 


1.02 


.684001 


6.37 


.315999 


13 




48 


.638720 


4.35 


.964396 


1.02 


.684324 


5.37 


.315676 


12 




49 


.638981 


4.35 


.954335 


1.02 


.684646 


6.37 


.315354 


11 




60 


.639242 


4.35 


.954274 


1.02 


.684968 


5.37 


.315032 


10 




51 


9.639603 


4.34 


9.954213 


102 


9.6S5290 


5.36 


10.314710 9 1 




52 


.639764 


4.34 


.954152 


102 


.685612 


6.36 


.814388 


8 




53 


.640024 


4.34 


.954090 


1.02 


.685934 


6.36 


.814066 


7 




64 


.640284 


4.33 


.954029 


1.02 


.686255 


6.36. 


.813746 


6 




65 


.640644 


4.33 


.953968 


1.02 


.686577 


5.36 


.813423 


6 




56 


.640804 


4.33 


.963906 


102 


.686898 


6.35 


.813102 


4 




67 


.641064, 


4.32 


.953845 


1.02 


.687219 


6.36 


.812781 


3 




58 


.641324 


4.32 


.953783 


1.02 


.687640 


6.35 


.312460 


2 




59 


.641584 


4.32 


.963722 


1.03 


.687861 


634 


.312139 


1 




60 


.641842 


4.31 


.953660 


1.03 


.688182 


5.34 


.311818 1 


_! 
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D. 


Sin«. 1 


D. 


Cotang. 
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LOGARITHMIO SINES, COSINES, 



26'' 



M. 


Sine. 


1 ^ 


Cosine. 


D. 


Tang. 


D. 


Cotanj;. 







9.641842 


4.31 


9.963660 


1.08 


9.68blb2 


5.34 


10.311618 


^T 


1 


.642101 


4.31 


.953599 


1.03 


.688502 


5.34 


.811498 


69 


2 


.642360 


4.31 


.953537 


1.08 


.688823 


6.34 


.311177 


58 


8 


.642618 


4.30 


.953475 


103 


.689143 


6.33 


.810857 


57 


4 


.642877 


4.30 


.953413 


1.03 


.689463 


6.33 


.310537 


56 


6 


.643135 


4-30 


.953352 


1.03 


.689783 


5.33 


.510217 


55 


6 


.643393 


4.30 


.953290 


1.03 


.690103 


6.33 


.309897 


54 


7 


.643650 


4.29 


.953228 


1.03 


.690423 


6.33 


.809577 


63 


8 


.643908 


4.29 


.953166 


1.03 


.690742 


6.32 


.809258 


62 


9 


.644165 


4.29 


.953104 


1.03 


.691062 


6.32 


.808938 


51 


10 


.644423 


4.28 


.953042 


1.03 


.691381 


6.32 


.808619 


60 


11 


9.644680 


4.28 


9.952980 


1.04 


9 691700 


6.31 


10.308300 


49 


13 


.644936 


4.28 


.952918 


1.04 


.692019 


^6.31 


.307981 


48 


13 


.645193 


4.27 


.952855 


104 


.692338 


6.31 


.807662 


47 


14 


.645450 


4.27 


.952793.^ 


104 


.692656 


6.31 


.307344 


46« 


15 


.645706 


4.27 


.952731 


104 


.692975 


6.31 


.307025 


45 


16 


.645962 


4.26 


.952669 


1.04 


.693293 


6.30 


.306707 


44 


17 


.646218 


4.26 


.952606 


104 


.693612 


6.30 


.806388 


43 


18 


.646474 


4.26 


.952544 


104 


.693930 


6.30 


.306070 


42 


19 


.646729 


4.25 


.952481 


1.04 


.694248 


6 30 


.305753 


41 


20 


.646984 


4.25 


.952419 


1.04 


.694566 


6.29 
~629 


.805434 
10.305117 


40 
"39^ 


21 


9.647240 


4.25 


9.952356 


1.04 


9.694883 


22 


.647494 


4.24 


.952294 


104 


.695201 


6.29 


.304799 


38 


23 


.647749 


4.24 


.952231 


1.04 


.695518 


6.29 


.804482 


37 


24 


.648004 


4.24 


.952168 


1.05 


.695836 


6.29 


.804164 


.36 


25 


.648258 


4.24 


.952106 


105 


.696153 


6.28 


.803847 


35 


26 


.648512 


4.28 


.952043 


105 


.696470 


6.28 


.303530 


34 


27 


.648766 


4.23 


.951980 


105 


.696787 


6.28 


.803213 


33 


28 


.649020 


4.23 


.951917 


105 


.697103 


5.28 


.802897 


B2 


29 


.649274 


4.22 


.951854 


105 


.697420 


6.27 


.302580 


31 


80 


.649527 


4.22 


.951791 


1.05 


.697786 


6.27 


.302264 


30 


81 


9.649781 


4.22 


9.951728 


105 


9.698053 


5.27 


10.301947 


29 


32 


.650034 


4.22 


.951665 


105 


.698369 


6.27 


.301631 


28 


38 


.650287 


4.21 


.951602 


105 


.698685 


6.26 


^.801315 
.300999 


27 


84 


.650539 


4.21 


.951539 


1.05 


.699001 


6.26 


26 


85 


.650792 


4.21 


.951476 


1.05 


.699316 


6.26 


.800684 


25 


86 


.651044 


4.20 


.951412 


1.05 


.699632 


6.26 


.300368 


24 


37 


.651297 


4.20 


.951349 


106 


.699947 


5.26 


.800053 


23 


88 


.651549 


4.20 


.951286 


;i.06 


.700263 


6.25 


.299737 


22 


89 


.651800 


4.19 


.951223 


1.06 


.700578 


6.25 


.299422 


21 


40 
41 


.652052 
9.652304" 


4.19 
4.19 


.951159 
9.951096 


1.06 


.700893 


6.25 


.299107 


20 


1.06 


9.701208 


5.24 


10.298792 


19 


42 


.652555 


4.18 


.951032 


1.06 


.701523 


6.24 


.298477 


18 


43 


.652806 


4.18 


.950968 


1.06 


.701837 


6.24 


.298163 


17 


44 


.653057 


4.18 


.950905 


1.06 


.702152 


6.24 


.297848 


16 


45 


.653308 


4.18 


.960841 


106 


.702466 


6.24 


.297534 


15 


46 


.653558 


4.17 


.950778 


1.06 


.702780 


6.23 


.297220 


14 


47 


.653808 


4.17 


.950714 


1.06 


.703095 


6.23 


.296905 


13 


48 


.6.54059 


4.17 


.950650 


106 


.703409 


6.23 


.296591 


12 


49 


.654309 


4.16 


.950586 


106 


.703723 


6.23 


.296277 


11 


50 


.654558 


4.16 


.950522 


107 


.704036 


5.22 


.295964 


10 
9 


5r 


9.654808 


416, 


9.950458 


107 


9.7043rj0 


5.22 


10.295650 


52 


.655058 


4.16 


".950394 


107 


.704603 


5.22 


.295337 


8 


53 


.655307 


4.15! 


.950330 


1.07 


.704977 


5.22 


.295023 


7 


54 


.655556. 


4.15 


.■950266 


1.07 


.705290 


6.22 


.294710 


6 


55 


.655805 


4.15 


.950202 


1.07 


.705603 


6.21 


.294397 


6 


56 


.6.56054 


4.14 


.950138 


1.07 


.705916 


5.21 


.294084 


4 


57 


.656302 


i.u 


.950074 


1.07 


.706228 


621 


.293772 


8 


58 


.656551 


4.14 


.950010 


107 


.706541 


6.21 


.293459 


2 


59 


.656799 


4.13 


.949945 


107 


.706854 


6.21 


.293146 


1 


60 


.657047 


4.13 


.949881 


1.07 


.707166 


6.20 


.292834 







Cosine. 


D. 


Sine. 


D. 


Cotang. 


D. 


Tang. 


M. 
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/ 



M. 


Sine. 


D. 


Cosine. 


D. 


Tang. 


D. 


1 Cotang. 


-60- 





9.657047 


4.13 


9.949bbl 


1.07 


9.707166 


6.20 


10.292834 


1 


.657295 


4.18 


.949816 


1.07 


.707478 


6.20 


.292522 


59 


2 


.657542 


4.12 


.949752 


1.07 


.707790 


6.20 


.292210 


58 


3 


.667790 


4.12 


.949688 


1.08 


.708103 


6.20 


.291898 


67 


4 


.658037 


4.12 


.949623 


1.08 


.708414 


6.19 


.291586 


66 


5 


.658284 


4.12 


.949558 


1.08 


.708726 


6.19 


.291274 


66 


6 


.658581 


4.11 


.949494 


1.08 


.709037 


6.19 


.290963 


54 


7 


.658778 


4.11 


.949429 


1.08 


.709349 


6.19 


.290651 


53 


8 


.659025 


4.11 


.949364 


1.08 


.709660 


6.19 


.290340 


52 


9 


.659271 


4.10 


.949300 


1.08 


.709971 


6.18 


.290029 


61 


10 


.659517 


4.10 


.949235 


1.08 


.710282 


6.18 


.269718 


60 


11 


9.659763 


4.10 


9.949170 


1.08 


9.710593 


6.18 


10.289407 


49 


13 


.660009 


4.09 


.949106 


108 


.710904 


6.18 


.289096 


48 


13 


.660256 


4.09 


.949040 


1.08 


.711215 


6.18 


.288786 


47 


14 


.660501 


4.09 


.948976U 


1.08 


.711525 


6.17 


.288476 , 


4?- 


15 


.660746 


409 


.948910 


1.08 


.711836 


6.17 


.288164' 


•46 


16 


,660991 


4.08 


.948846 


1.08 


.712146 


6.17 


.287854 


44 


17 


.661236 


4.08 


.948780 


1.09 


.712456 


6.17 


.287544 


48 


18 


.661481 


4.08 


.948716 


1.09 


.712766 


6.16 


.287234 


42 


19 


.661726 


4.07 


.948650 


1.09 


.713076 


6.16 


.286924 


41 


20 


.661970 


4.07 


.948584 


1.09 


.713386 


6.16 


.286614 


40 


21 


9.662214 


4.07 


9.941519 


1.09 


9.713696 


6.16 


10.286304 


89 


22 


.662459 


4.07 


.948454 


100 


.714005 


6.16 


.285996 


88 


23 


.662703 


4.06 


.948388 


1.09 


.714814 


6.15 


.285686 


87 


24 


.662946 


4.06 


.948323 


1.09 


.714624 


5.16 


.285376 


86 


25 


.663190 


4.06 


.948257 


1.09 


.714933 


6.16 


.285067 


86 


26 


.663433 


4.06 


.948192 


1.09 


.715242 


6.16 


.284768 


84 


27 


.663677 


4.05 


.948126 


1.09 


.715551 


6.14 


.284449 


83 


28 


.663920 


405 


.948060 


1.09 


.715860 


5.14 


.284140 


82 


29 


.664163 


4.06 


.947996 


1.10 


.716168 


6.14 


.283832 


81 


30 


.664406 


4.04 


.947929 


110 


.716477 


6.14 


.283523 


80 


31 


9.664648 


4.04 


9.947863 


1.10 


9.716786 


6.14 


10.283215 


29 


32 


.664891 


4.04 


.947797 


1.10 


.717093 


6.18 


.282907 


28 


33 


.665133 


4.03 


.947731 


110 


.717401 


6.13 


.282599 


27 


34 


.665375 


4.03 


.947665 


1.10 


.717709 


6.13 


.282291 


26 


35 


.665617 


4.03 


.947600 


1.10 


.718017 


6.13 


.281983 


25 


36 


.665859 


4.02 


.947533 


l.IO 


.718326 


6.18 


.281670 


24 


87 


.666100 


4.02 


.947467 


1.10 


.716633 


6.13 


.281367 


23 


38 


.666342 


4.02 


.947401 


1.10 


.718940 


6.12 


.281060 


22 


39 


.666583 


4.02 


.947335 


1.10 


.719248 


6.12 


.280752 


21 


40 


.666824 


4.01 


.947269 


1.10 


.719556 


6.12 


.280445 


20 


41 


9.667065 


4.01 


9.947203 


1.10 


9.7l9b6i 


6.12 


10.280138 


19 


42 


.667305 


4.01 


.947136 


1.11 


.720169 


6.11 


.279631 


18 


43 


.667546 


4.01 


.947070 


1.11 


.720476 


6.11 


.279524 


17 


44 


.667786 


4.00 


.947004 


1.11 


.720783 


6.11 


.279217 


16 


45 


.668027 


4.00 


.946937 


1.11 


.721089 


6.11 


. .278911 


15 


46 


.668267 


4.00 


.946871 


1.11 


.721396 


6.11 


.278604 


14 


47 


.668506 


8.99 


.946804 


1.11 


.721702 


6.10 


.278298 


13 


AS 


.668746s. 
.668986 


8.99 


.946738 


1.11 


.722009 


6.10 


.277991 


12 


49 


" 3.99 


.946671 


1.11 


.722315 


6.10 


.277685 


11 


50 


.660225 


399 


.946604 


1.11 


.722621 


6.10 


.277379 


10 


61 


9.669464 


8.98 


9.946538 


1.11 


9.722U27 


5.10 


10.277073 


9 


52 


.669703 


3.98 


.946471 


111 


.723233 


6.09 


.276708 


8 


53 


.669942 


8.98 


.946404 


1.11 


.723538 


6.09 


.276462 


7 


54 


.670181 


8.97 


.946337 


1.11 


.723844 


6.09 


.276156 


6 


55 


.670419 


8.97 


.046270 


1.13 


.724149 


6.09 


.275851 


5 


56 


.670658 


8.97 


.946203 


1.12 


.724454 


5.09 


.275546 


4 


TT- 


.«70896 


8.97 


.946136 


1.13 


.724759^ 
.725005 


5.08 


.275241 


8 


58 


.671134 


8.96 


.946069 


1.12 


' 5.08 


.274935 


2 


59 


.671372 


8.96 


.946002 


1.12 


.725309 


6.08 


.274631 


1 


60 


.671609 


8.96 


.945935 


1.12 


.725674 


6.08 


.274326 1 




Cosine. 


,»• 


Sine. 


^• 


Cotang. 


!>•. 


Tang. 1 M.| 
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LOOABTTHMIC SINBS, COSINEB,- 



M 


Sine. 


D 


1 Cosine. 


D. 


Tang. 


D. 


Cotang. 







9.671609 


3.96 


8.945935 


i.l2 


i.hUU 


S.6d 


i6.mM 


"go" 


1 


.671847 


8.96 


.945868 


1.12 


.726979 


5.08 


.274021 


59 


2 


.672084 


8.96 


.9458001^ 


1.12 


.726284 


fi.07 


.273716 


58* 


8 


.672821 


8.96 


.946783 S.12 


.726588 


6.07 


.273412 


57 


4 


.672558 


8.95 


.946666 


1.12 


.726892 


6.07 


.273108 


66 


< 


^.672796 
'.678082 


8.94 


.945598 


1.12 


.727197 


6.07 


.272803 


55 


3.94 


.945531 


1.12 


.727501 


6.07 


.272499 


64 


7 


.678268 


8.94 


.946464 


1.18 


.727805 


6.06 


.272196 


63 


8 


.678505 


8.94 


.946396 


1.13 


.728109 


6.06 


.271891 


52 


9 


.673741 


8.93 


.945328 


1.13 


.728412 


6.06 


.271688 


61 


10 


.673977 


8.98 


.945261 


1.13 


.728716 


6.06 


.271284 


60 


11 


9.674213 


8.98 


9.945193 


1.13 


9729020 


6.06 


10.270980 


49 


12 


.674448 


8.92 


.945126 


1.13 


.729323 


6.05 


.270677 


48 


13 


.674684 


3.92 


.945058 


113 


.729626 


5.06 


.270874 


47 


14 


.674919 


3.92 


.944990 


113 


.729929 


6.06 


.270071 


46 


15 


.675155 


8.92 


.944922 


113 


.780233 


6.06 


.269767 


45 


16 


.675390 


8.91 


.944854 


1.18 


.730685 


6.06 


.269465 


44 


17 


.675624 


8.91 


.944786 


113 


.780838 


6.04 


.269162 


43 


18 


.675859 


8.91 


.944718 


113 


.781141 


6.04 


.268859 


43 


19 


.676094 


3.91 


.944650 


1.13 


.731444 


6.04 


.268556 


41 


20 
21 


.676328 


8.90 


.944582 


1.14 


.781746 


6.04 


.238254 
10.267952 


40 
89 


9.676562 


8.90 


9.944514 


1.14 


9.782048 


6.04 


22 


.676796 


8.90 


.944446 


1.14 


.732861 


6.03 


.267649 


88 


23 


.677080 


8.90 


.944377 


1.14 


.732653 


6.03 


.267847 


87 


24 


.677264 


8.89 


.944309 


1.14 


.732955 


6.03 


.267045 


86 


25 


.677498 


8.89 


.944241 


1.14 


.733267 


6.03 


.266743 


85 


26 


.677731 


8.89 


.944172 


114 


.733558 


6.03 


.266442 


84 


27 


.677964 


8.88 


.944104 


1 14 


.733860 


6.02 


.266140 


33 


2S 


.678197 


8.88 


.944036 


1.14 


.734162 


5.02 


.265838 


82 


29 


.678430 


8.88 


.943967 


1.14 


.734463 


6.02 


.265537 


81 


30 
81 


.678663 


8.88 


.943899 


1.14 


.734764 


6.02 


.265236 


80 


9 678895 


8.87 


9.943830 


114 


9.735066 


6.02 


10.264934 


20 


32 


.679128 


8.87 


.943761 


114 


.735367 


6.02 


.264633 


28 


33 


.679360 


8.87 


.943693 


1.15 


.736668 


5.01 


.264332 


27 


34 


.679592 


8.87 


.943624 


1.15 


.735969 


6.01 


.264031 


26 


85 


.679824 


8.86 


.943555 


1.15 


.736209 


6.01 


.263731 


25 


36 


.680056 


8.86 


.943486 


1.15 


.736570 


6.01 


.263430 


24 


87 


.680288 


3.86 


.943417 


115 


.736871 


6.01 


.263129 


23 


38 


.680519 


8.85 


.943348 


1.15 


.737171 


6.00 


.262829 


22 


89 


.680750 


8.85 


.943279 


1.15 


.737471 


5.00 


.262529 


21 


40 
41 


.680982 
9.681213 


8.85 


.943210 


1.15 


.737771 


6.00 


.262229 


20 


8.85 


9.943141 


1.15 


9.738071 


6.00 


10.261U29 


19 


42 


.681443 


8.84 


.943072 


1.15 


.788871 


6.00 


.261629 


18 


43 


.681674 


8.84 


.943003 


1.15 


.738671 


4.99 


.261329 


17 


41 


.681905 


8.84 


.942934 


1.15 


.788971 


4.99 


.261029 


16 


45 


.082135 


- 8.84 


.942864 


1.16 


.739271 


4.99 


.260729 


15 


43 


.682365 


3.83 


.942795 


1.16 


.780570 


4.99 


.260430 


14 


47 


.682595 


3.83 


.942726 


1.16 


.789870 


4.99 


.260130 


13 


48 


.682825 


8.83 


.942656 


1.16 


.740169 


4.99 


ii59831 


12 


49 


.683056 


8.83 


.942587 


1.16 


.740468 


4.98 


.259532 


11 


50 


.683284 


8.82 


.942517 


116 


.740767 


4.98 


.259233 


10 


51 


9.683514 


8.82 


9.942448 


1.16 


9.741066 


4.98 


10.258934 


9 


52 


.683743 


8.82 


.942378 


116 


.741365 


4.98 


.258635 


8 


53 


.683972 


8.82 


.942308 


1.16 


.741664 


4.98 


.258336 


7 


54 


.684201 


8.81 


.942239 


1.16 


.741962 


4.97 


.258038 


6 


55 


.684430 


8.81 


.942169 


1.16 


.742261 


4.97 


.257739 


5 


50 


.684658 


3.81 


.942009 


1.16 


.742559 


4.97 


.257441 


4 


57 


.684887 


8.80 


.942029 


1.16 


.742858 


4.97 


.257142 


3 


58 


.685115 


8.80 


.941959 


1.16 


.743156 


4.97 


.256844 


2 


59 


.685343 


8.80 


.941889 


1.17 


.743454 


4.97 


.256546 


1 


60 


.685571 


8.60 


.941819 


1.17 


.743752 


4.96 


.256248 







Cosine. 


D. 


Sine. 


D. 


Cotang. 


D. 


Tang. M. | 



610 



.29' 



TANGENTS, AND COTANOBMfS. 



4T 





M. 


Sine. 


D. 


Cosine. 


D. 


Tang. 


D. 


Cotang. 









9.685571 


8.80 


9.941819 


TTT 


9.743752 


4.96 


16.26^^45 


IT 




1 


.685799 


8.79 


.941749 


1.17 


.744050 


4.96 


.266960 


69 




2 


.686027 


3.79 


.941679 


1.17 


.744848 


4.96 


.266662 


68 




3 


.686254 


8.79 


.041609 


1.17 


.744646 


4.96 


.266866 


67 




4 


.686482 


8.79 


.941589 


1.17 


.744943 


4.96 


.266067 


66 




5 


.686709 


8.78 


.941469 


1.17 


.745240 


4.96 


.264760 


66 




6 


.686936 


8.78 


.941398 


1.17 


.745638 


4.96 


.264462 


64 




7 


.687168 


8.78 


.941828 


1.17 


.746836 


4.96 


.264166 


63 




8 


.687889 


8.78 


.941258 


1.17 


.746132 


4.96 


.268868 


62 




9 


.687616 


8.77 


.941187 


1.17 


.746429 


4.96 


.268671 


61 




10 


.687843 


8.77 


.941117 


1.17 


.746726 


4.96 


.268274 


60 
49 




11 


9.688069 


8.77 


9.941046 


1.18 


9.747023 


4.94 


10.252977 




12 


.688295 


8.77 


.940976 


1.18 


.747819 


4.94 


.262681 


48 




13 


.688521 


8.76 


.940006 


1.18 


.747616 


4.94 


.262384 


47 




14 


.688747 


8 76 


.940834 


1.18 


.747913 


4.94 


.262087 


46 




15 


.688972 


8.76 


.940763 


1.18 


.748209 


4.94 


.261791 


45 




16 


.689198 


8.76 


.940693 


1.18 


.748606 


4.98 


.251496 


44 




17 


.689423 


8.75 


.940622 


1.18 


.748801 


4.93 


.261199 


43 




18 


.689648 


8.75 


.940551 


1.18 


.749097 


4.93 


.260908 


42 




19 


.689873 


8.76 


.940480 


1.18 


.749893 


4.93 


.260607 


41 




20 


.690098 


8.76 


.940409 


1.18 


.749689 


4.98 


.260311 


40 




21 


9.690328 


8.74 


9.940838 


1.18 


9.749986 


4.93 


10.260016 


39 




22 


.690548 


8.74 


.940267 


118 


.760281 


4.92 


.249719 


88 




23 


.690772 


8.74 


.940196 


1.18 


.760676 


4.92 


.249424 


87 




24 


.690996 


8.74 


.940125 


1.19 


.760872 


4.92 


.249128 


86 




25 


.691220 


8.78 


.940054 


1.19 


.761167 


4.92 


.248883 


86 




26 


.691444 


8.78 


.989982 


1.19 


.761462 


4.92 


.248688 


84 




27 


.691668 


8.78 


.989911 


1.19 


.751767 


4.92 


.248248 


83 




28 


.691802 


8.78 


.989840 


1.19 


.752052 


4.91 


.247948 


82 




29 


.692115 


8.72 


.939768 


1.19 


.762847 


4.91 


.247653 


81 




80 


.692339 


8.72 


.939697 


119 


.762642 


4.91 


.247368 


80 




81 


9.692562 


8.72 


9.939625 


1.19 


9.752937 


4.91 


10.247063 


29 




32 


.692785 


8.71 


.939554 


1.19 


.758231 


4.91 


.246769 


28 




33 


.693008 


8.71 


.939482 


1.19 


.753526 


4.91 


.246474 


27 




84 


.693231 


8.71 


.989410 


1.19 


.758820 


4.90 


.246180 


26 




85 


.693453 


8.71 


.989339 


1.19 


.754115 


4.90 


.245886 


25 




86 


.693676 


8.70 


.989267 


1.20 


.764409 


4.90 


.245591 


24 




37 


.698898 


8.70 


.939196 


1.20 


.754703 


4.90 


.245297 


23 




88 


.694120 


8.70 


.939128 


1.20 


.764997 


4.90 


.245003 


22 




89 


.694342 


8.70 


.939062 


1.20 


.756291 


4.90 


.244709 


21 




40 


.694564 


8.69 


.938980 


1.20 


.766586 


4.89 


.244415 


20 




41 


9.6947S6 


8.69 


9.938908 


1.20 


9.766878 


4.89 


10.244122 


19 




42 


.695007 


8.69 


.988836 


1.20 


.766172 


4.89 


.243828 


18 




43 


.695229 


8.69 


.938763 


1.20 


.756466 


4.89 


.243536 


17 




44 


.695450 


8.68 


.938691 


1.20 


.766759 


4.S9 


.243241 


16 




45 


.695671 


8.68 


.938619 


1.20 


.757052 


4.89 


.242948 


15 




46 


.695892 


8.68 


.938547 


1.20 


.757845 


4.88 


.242655 


14 




47 


.696118 


8.68 


.938475 


120 


.757638 


4.88 


.242362 


13 




48 


.696334 


8.67 


.938402 


1.21 


.757931 


4.88 


.242069 


12 




49 


.696554 


8.67 


.988330 


1.21 


.758224 


4.88 


.241776 


11 




50 


.696775 


8.67 


.938258 


1.21 


.758617 


4.88 


.241483 


10 




51 


9.696995 


8.67 


9.93blb5 


1.21 


9.75881U 


4.88 


10.241190 9 1 




52 


.697215 


8.66 


.938113 


121 


.759102 


4.87 


.240898 


8 




£3 


.697435 


8.66 


.936040 


1.21 


.769396 


4.87 


.240606 






54 


.697654 


8.66 


.037967 


1.21 


.759687 


4.87 


.240313 






55 


.697874 


8.66 


.937895 


1.21 


.759979 


4.87 


.240021 






^6 


.698094 


8.65 


.937822 


1.21 


.760272 


4.87 


.239728 






57 


.698313 


8.65 


.937749 


1.21 


.760664 


4.87 


.239436 






58 


.698532 


3.65 


.937676 


1.21 


.760856 


4.86 


.239144 


2 




59 


.698751 


8.65 


.937604 


1.21 


.701148 


4.86 


.238852 


1 




CO 


.698970 


8.64 


.937531 


1.21 


.761439 


4.86 


.238561 1 






1 Cosine. 


L-£^ 


Sine. 


D. 


Cotang. 


1 D. 


Tang. 


M| 



6(P 



48 



LOOABFTHMIC BINES, COSINES, 



80" 



M 


Sine. 


D. 


1 Cosine. 1 D. 


Tang. 


D. 


Cotang. 







9.69b970 1 


K 864 


9937631 1.21 


9.761439 


4.b6 


10.238561 


60 


1 


.699189 


8.64 


.937458 


1.22 


.761731 


4.86 


.238269 


59 


2 


.699407 


8.64 


.937385 


1.22 


.762023 


4.86 


.237977 


68 


8 


.699626 


8.64 


.937312 


122 


.762314 


4.86 


.237686 


67 


4 


.699844 


8.63 


.937238 


1.22 


.762606 


4.85 


.237394 


56 


5 


.700062 


8.63 


.937165 


1.22 


.762897 


4.85 


.237103 


65 


6 


.700280 


8.63 


.937092 


1.22 


.763188 


4.85 


.236812 


54 


7 


.700498 


8.63 


.937019 


1.22 


.763479 


4.85 


.236521 


53 


8 


.700716 


8.63 


.936946 


1.22 


.763770 


4.85 


.236230 


52 


9 


.700933 


8.62 


.936872 


1.22 


.764061 


4.85 


.235939 


51 


10 


.701151 


8.62 


.986799 


1.22 


.764352 


4.84 


.235648 


50 


11 


9.701368 


8.62 


9.986726 i 1.22 


9.764643 


4.b4 


10.236857 


49 


1-2 


.701586 


8.62 


.936652 


1.23 


.764933 


4.84 


.285067 


48 


13 


.701802 


8.61 


.936578 


123 


.765224 


4.84 


.234776 


47 


14 


.702019 


8.61 


.986605 


1.23 


.765514 


4.84 


.234486 


'46 


15 


.702236 


8.61 


.936431 


123 


.765805 


4.84 


.284195 


45 


16 


.702452 


8.61 


.986357 


1.28 


.766095 


4.84 


.233905 


44 


17 


.702669 


8.60 


.986284 


1.23 


.766385 


4.83 


.233615 


43 


18 


.702885 


8.60 


.936210V 


123 
Nr23 


.766675 


4.83 


.233325 


42- 


19 


.703101 


8.60 


. .986136 


.766965 


4.83 


.233035 


41 


20 


.703317 


8.60 


.936062 1 1.23 


.767255 


4.83 


.232745 


40 


21 


9.703533 


8.59 


9.935988 


1.23 


9.767546 


4.83 


10.232455 


89 


22 


.708749 
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4.59 


10.184445 


49 




12 


.788434 


8.22 


.922603 


1.38 


.815831 


4.69 


.184169 


48 




13 


.788627 


8.21 


.922520 


1.38 


.816107 


4.59 


.188898 


47 




14 


.788820 
.7)89013 


8.21 


.922438 


1.38 


.816382 


4.59 


.183618 


46 




15 


8.21 


.922856 


1.38 


.816658 


4.59 


.188342 


46 




16 


.739206 


8.21 


.922272 


1.38 


.816933 


4.59 


.183067 


44 




17 


.789398 


8.21 


.922189 


1.88 


.817209 


4.69 


.182791 


43 




18 


.789590 


8.20 


.922106 


1.88 


.817484 


4.59 


.182516 


42 




19 


.789788 


8.20 


.922023 


1.38 


.817759 


4.59 


.182241 


41 




,20 


.789975 


8.20 


.921940 


1.38 


.818035 


4.58 


.181965 


40 


^ 


21 


9.740167 


8.20 


9.921857%, 


L 1.39 


9.818810 


4.58 


10.181690 


89. 




22 


.740869 


8.20 


.921774 


189 


.818585 


4.58 


.181415 


88 




23 


.740560 


8.19 


.921691 


1.89 


.818860 


4.58 


.181140 


87 




24 


.740742 


8.19 


.921607 


1.89 


.819136 


4.68 


.180866 


86 




25 


.740934 


8.19 


.921524 


1.89 


.819410 


4.58 


.180690 


86 




26 


.741125 


8.19 


.921441 


1.89 


.819684 


4.58 


.180816 


84 




27 


.741816 


8.19 


.921357 


1.39 


.819969 


4.58 


.180041 


83 




28 


.741508 


8.18 


.921274 


1.89 


.820284 


4.58 


.179766 


82 




29 


.741699 


8.18 


.921190 


1.89 


.820508 


4.57 


.179492 


81 




/80 


.741889 


8.18 , 


^ .921107 


189 


^.820788 


4.67 


.179217 


80 




81 


9.742080 


8.18 


9.921023 


1.89 


9.821057 


4.57 


10.178948 


29 




82 


.742271 


8.18 


.920939 


1.40 


.821332 


4.57 


.178668 


28 




83 


.742462 


8.17 


.920856 


140 


.821606 


4.67 


.178894 


27 




84 


.742652 


8.17 


.920772 


1.40 


.821880 


4.67 


.178120 


26 




35 


.742842 


8.17 


.920688 


1.40 


.822154 


4.67 


.177846 


26 




36 


.748033 


8.17 


.920604 


1.40 


.822429 


4.57 


.177571 


24 




37 


.743823 


8.17 


.920520 


1.40 


.822703 


4.67 


.177297 


23 




88 


.743413 


8.16 


.920436 


1.40 


.822977 


4.66 


.177028 


22 




89 


.743602 


8.16 


.920352 


1.40 


.828250 


4.56 


.176750 


21 




40 


.743792 


8.16 


.920268 


1.40 


.828524 


4.56 


.176476 


20 




41 


9.748982 


8.16 


9.920184 


1.40 


9.828798 


4.56 


10.176202 


19 




42 


.744171 


8.16 


.920099 


1.40 


.824072 


4.56 


.175928 


18 




43 


.744361 


8.15 


.920015 


1.40 


.824846 


4.66 


.176656 


17 




44 


.744550 


8.15 


.919931 


1.41 


.824619 


4.56 


.175881 


16 




Ab 


.744739 , 


8.15 
■" 3.15 


.919846% 


^1.41 


.824898 


4.66 


.175107 


15. 




46 


.744928 


.919762 


1.41 


.825166 


4.56 


.174834 


14 




47 


.745117 


8.15 


.919677 


141 


.825439 


466 


.174561 


13 




48 


.745306 


8.14 


.919598 


141 


.825713 


4.56 


.174287 


12 




49 


.745494 


8.14 


.919508 


1.41 


.825986 


4.55 


.174014 


11 




50 


.745688 


8.14 


.919424 


1.41 


.826259 


4.55 


.173741 


10 




51 


9.745871 


8.14 


9.919339 


1.41 


9.826532 


4.55 


10.173468 


9 




52 


.746059 


8.14 


.919254 


141 


.826805 


4.65 


.173195 


8 




53 


.746248 


8.13 


.919169 


1.41 


.827078 


4.55 


.172922 


7 




54 


.746436 


8.13 


.919085 


1.41 


.827351 


4.65 


.172649 


6 




-55 
66 


.746624 « 


^ 3.13 


.919000 


1.41 


.827624 


4.56 


.172376 


6 




.746812 


8 13 


.918915 


1.42 


.827897 


4.64 


.172103 


4 




57 


.746999 


8.13 


.918830 


1.42 


.828170 


4.54 


.171830 


8 




58 


.747187 


3.12 


.918745 


1.42 


.828442 


4.54 


.171558 


2 




59 


.747374 


8.12 


.918659 


142 


.828715 


4.54 


.171285 


1 




60 


.747562 


8.12 


.918574 


1.42 


.828987 


4.54 


.171013 









Cosine 


D. 


Sine. 


D. 


Cotang. 


1 D. 


Tang. 


LM. 












6e» 











62 



LOOABITHMIC SINES, COSINBI, 



84* 



M 


Sine. 


D 


Cosine. 


D. 


Tang. 


D. 


Cotang. 




-o" 


9.747662 


3 12 


9.918574 


1.42 


9.828987 


4.64 


10.171013 


60 


1 


.747749 


3.12 


.918489 


1.42 


.829260 


4.54 


.170740 


69 


2 


.747936 


8.12 


.918404 


1.42 


.829632 


4.64 


.170468 


68 


8 


.748128 


3.11 


.918318 


1.42 


.829805 


4.64 


.170196 


67 


4 


.748310 


8.11 


.918233 


1.42 


.830077 


4.64 


.169923 


66 


6 


.748497 


8.11 


.918147- 


1.42 


.830349 


4.68 


.169651 


65 


6 


.748683 


3.11 


.918062 ^ 


.1.42 


.830621 


4.63 


.169379 


64- 


7 


.748870 


8.11 


.917976 ^^1.43 


.830893 


4.53 


.169107 


63 


8 


.749056 


8.10 


.917891 


1.43 


.831165 


4.63 


.168835 


62 


9 


.749243 


8.10 


.917805 


1.43 


. .831437 


4.63 


.168563 


61 


10 


.749429 


8.10 


.917719 


1.43 


.831709 


4.63 


.168291 


60 


11 


9.749615 


8.10 


9.917634 1.43 


9.831981 


4.63 


10.168019 


49 


12 


.749801 


8.10 


.917648 


1.43 


.832253 


4.63 


.167747 


48 


13 


.749987 


8.09 


.917462 


143 


.832526 


4.63 


.167475 


47 


14 


.7501Y2 


3.09 


.917376 


143 


.832796 


4.63 


.167204 


46 


16 


.760358 


8.09 


.917290 


1.43 


.833068 


4.62 


.166932 


45 


16 


.760543 


8.09 


.917204 


1.43 


.833339 


4.62 


.166661 


44 


17 


.750729 


3.09 


.917118 


1.44 


.833611 


4.62 


.166389 


43 


18 


.760914 


8.08 


.917032 


1.44 


.833882 


4.62 


.166118 


42 


19 


.751099 


8.08 


.916946 


1.44 


.834154 


4.62 


.165846 


41 


20 


.751284 


8.08 


.916869 


1.44 


.834425 


4.62 


.165575 


40 


21 


9.751469 


8.08 


9.916773 


1.44 


9.834696 


4.62 


10.165304 


89 


22 


.751654 


3.08 


.916687 


1.44 


.834967 


4.52 


.166033 


88 


23 


.751839 


8.08 


.916600 


1.44 


.835238 


4.62 


.164762 


87 


24 


.752023 


8.07 


.916514 


1.44 


.835509 


4.62 


.164491 


86 


25 


.752208 


3.07 


.916427 


1.44 


.835780 


4.61 


.164220 


86 


26 


.752392 


8.07 


.916341 


1.44 


.836051 


4.61 


.163949 


84 


27 


.752576 


8.07 


.916254 


144 


.836322 


4.61 


.163678 


83 


28 


.752760 


8.07 


.916167 


1.45 


.836593 


4.51 


.163407 


82 


29 


.752944 


8.06 


.916081 


1.45 


.836864 


4.51 


.163136' 


31 


80 


.753128 


8.06 


.915994 


1.45 


.837134 


4.61 


.162866 


30 


81 


9.753312 


8.06 


9.916907 


145 


9.837405 


4.61 


10.162595 


29 


82 


.753495 


8.06 


.915820^ 


,U45 


.837675 


4.61 


.162325 


28' 


83 


.753679 


8.06 


.915733 


1.45 


.837946 


4.61 


M62054 


27' 


84 


.753862 


8.05 


.915646 


1.45 


.838216 


4.51 


.161784 


26 


85 


.754046 


8.05 


.915559 


1.45 


.838487 


4.50 


.161513 


25 


86 


.754229 


* 8.05 


.915472 


1.45 


.838757 


4.50 


.161243 


24 


87 


.764412 


8.05 


.915385 


145 


.839027 


4.60 


.160973 


23 


88 


.754595 


3.05 


.915297 


1.45 


.839297 


4.60 


.160703 


22 


89 


.754778 


8.04 


.915210 


1.45 


.839568 


4.50 


.160432 


21 


40 


.754960 


8.04 


.915123 


1.46 


.839S38 


4.60 


.160162 


20 


41 


9.755143 


8.04 


9.915035 


1.46 


».840108 


4.60 


10.15yb92 


19 


42 


.755326 


8.04 


.914948 


1.46 


.840378 


4.60 


.159622 


18 


43 


.755508 


8.04 


.914860 


1.46 


.840647 


4.60 


.159353 


17 


44 


.755690 


8.04 


.914773 


1.46 


.840917 


4.49 


.159083 


16 


45 


.755872 


8.03 


.914685 


1.46 


.841187 


4.49 


.158813 


15 


46 


.756054 


8.03 


.914598 


1.46 


.841457 


4.49 


.158543 


14 


47 


.756236 


8.03 


.914510 


1.46 


.841726 


4.49 


.158274 


13 


48 


.756418 


3.03 


.914422 


1.46 


.841996 


4.49 


.158004 


12 


49 


.756600 


8.03 


.914334 


146 


.842266 


4.49 


.157734 


11 


50 
61 


.756782 
9.756963 


8.02 
8.02 


.914246 
9.914158 


1.47 


842535 


4.49 


.167465 


10 


1.47 


9.842805 


4.49 


10.157195 


9 


52 


.757144 


8.02 


.914070 


1.47 


.843074 


4.49 


.156926 


8 


63 


.757326 


8.02 


.913982 


147 


.843343 


4.49 


.156657 


7 


64 


.757607 


3.02 


.913894 


1.47 


.843612 


4.49 


.156388 


6 


55 


.757688 


8.01 


.913806 


1.47 


.843882 


4.48 


.156118 


6 


66 


.757869 


8.01 


.913718 


1.47 


.844151 


4.48 


.155849 


4 


67 


.758050 


3.01 


.913030 


1.47 


.844420 


4.48 


.155580 


8 


68 


.758230 


8.01 


.913541 


1.47 


.844689 


4.48 


.155311 


2 


69 


.758411 


3 01 


.913453 


1.47 


.844058 


. 4.48 


.155042 


1 


60 


.768591 


3.01 


.913305 


1.47 


.845227 


4.48 


.154773 







Cosine. 


1 1>. 


Sine. 1 D. 


Cotang. 


1 I>. 


Tang. 1 M. | 



35* 



TANGENTS, AND COTANGENTS. 
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M. 


Sine. 


D. 


Cosine. 


D. 


Tang. 


D. 


Cotang. 









9.i5b59l 


8.01 


9.913365 


1.47 


9.845227 


4.48 


10.154778 


60 




1 


.758772 


8.00 


.913276 


1.47 


.845496 


4.48 


.164504 


59 




2 


.758952 


8.00 


.913187 


1.48 


.845764 


4.48 


.164286 


68 




3 


.759132 


8.00 


.913099 


1.48 


.846033 


4.48 


.163967 


67 




4 


.759812 


8.00 


.913010 


1.48 


.846302 


4.48 


.168698 


66 




6 


.759492 


8.00 


.912922 


1.48 


.846570 


4.47 


.168480 


66 




6 


.759672 


2.99 


.912883 


1.48 


.846839 


4.47 


.168161 


64 




7 


.769852 


2.99 


.912744 


1.48 


.847107 


4.47 


.162893 


53 




8 


.760081 


2.99 


.912655 


1.48 


.847376 


4.47 


.162624 


62 




9 


.760211 


2.99 


.912566 


1.48 


.847644 


4.47 


.162356 


51 




10 


.760300 


2.99 


.912477 


1.48 


.847913 


4.47 


.152087 


50 




^11 


9.7w0569 


2.98 


9.91J388 


1.48 


9.848181 


4.47 


10.151819 


49 


y 


12 


.760748 


2.98 


.912299 


149 


.848449 


4.47 


.16156t 


48 


13 


.760927 


2.98 


.912210^ 


^1.49 


.848717 


4.47 


.1611588 


47- 




14 


.761106 


2.98 


.912121 


1.49 


.848986 


4.47 


.161014 


46 




15 


.761285 


2.98 


.912031 


1.49 


.849254 


4.47 


.160746 


46 




16 


.761464 


2.98 


.911942 


1.49 


.849522 


4.47 


.150478 


44 




17 


.761642 


2.97 


.911863 


1.49 


.849790 


4.46 


.150210 


43 




18 


.761821 


2.97 


.911763 


1.49 


.860058 


4.46 


.149942 


42 




19 


.761999 


2 97 


.911674 


1.49 


.860826 


4.46 


.149676 


41 




20 


.762177 


2.97 


.911584 


1.49 


.860593 


4.46 


.149407 


40 




21 


9.762356 


2.97 


9.911496 


1.49 


9.850861 


4.46 


10.149139 


39 




22 


.762634 


2.96 


.911406 


149 


.851129 


4.46 


.148871 


88 




23 


.762712 


2.96 


.911316 


1.50 


.851396 


4.46 


.148604 


87 




24 


.762889 


2.96 


.911226 


1.50 


.861664 


4.46 


.148386 


86 




23 


.763067 


•2.96 


.911136 


1.50 


.851931 


4.46 


.148069 


86 




26 


.763245 


2.96 


.911046 


1.50 


.852199 


4.46 


.147601 


84 




27 


.763422 


2 96 


.910956 


1.50 


.862466 


4.46 


.147534 


88 




28 


.763600 


2.96 


.910666 


1.50 


.852733 


4.46 


.147267 


33 




29 


.763777 


2.96 


.910776 


1.60 


.863001 


4.46 


.146999 


81 




30 


.763954 


2.96 


.910686 


. 1.60 


.858268 


4.46 


.146782 


30 




31 


9.764131 


2.95 


9.910596 


1.50 


9.853536 


4.46 


10.146466 


29 




33 


.764308 


2.96 


.910506 


1.60 


.858802 


4.46 


.146198 


28 




33 


.764485 


2.94 


.910416 


1.60 


.854069 


4.46 


.146931 


27 




34 


.764662 


2.94 


.910326 


1.61 


.854336 


4.46 


.146664 


26 




35 


.764888 


2.94 


.910236 


1.51 


.864603 


4.46 


.146397 


26 




36 


.765015 


2.94 


.910144 


1.51 


.664870 


4.46 


.146130 


24 




37 


.765101 


2.94 


.910064 


1.51 


.865137 


4.46 


.144863 


23 




38 


.765367 


2.94 


.909968 


1.51 


.855404 


4.46 


.144596 


22 




39 


.765544 


2.93 


.909878 


1.61 


.865671 


4.44 


.144329 


21 




40 


.765720 


2.93 


.909782 


151 


.855938 


4.44 


.144062 


20 
19 




41 


9.765b96 


2.93 


9.909691 


1.61 


9.856204 


4.44 


10.143796 




42 


.766072 


2.98 


.909601 


1.51 


.856471 


4.44 


.148529 


18 




43 


.766247 


2.93 


.909510 


151 


.856737 


4.44 


.143268 


17 




44 


.766423 


2.93 


.909419 


1.61 


.857004 


4.44 


.142996 


10 




45 


.766598 


2.92 


.909328 


1.62 


.857270 


4.44 


.142780 


15 




46 


.766774 


2.92 


.909287 


1.62 


.857537 


4.44 


.142463 


14 




47 


.766949 


2.92 


.909146 


1.52 


.867803 


4.44 


.142197 


13 




48 


.767124 


2.92 


.909056 


1.52 


.868069 


4.44 


.141931 


12 




^9 


.767300 


2.92 


.908964 


1.62 


.858836 > 


>. 4-44 ^ 


.141664 


11 




50 


.767476 


2.91 


.908873 


1.52 


.858602 


4.43 


.141398 


10 




51 


9.707649 


2.91 


9.908781 


1.52 


9.858868 


4.43 


10.141132 


9 




6'J 


.767824 


2.91 


.908690 


1.52 


.859134 


4.43 


.140866 


8 




53 


.767999 


2.91 


.908599 


152 


.859400 


4.43 


.140000 


7 




54 


.768173 


2.91 


.908507 


152 


.859666 


4.43 


.140334 


6 




55 


.768348 


2.90 


.908416 


1.53 


.859932 


4.43 


.140068 


6 




56 


.768522 


2.90 


.908324 


1.53 


.860198 


4.43 


.139802 


4 




67 


.768697 


2.90 


.908233 


1.53 


.860464 


4.43 


.139686 


8 




58 


.768871 


2.90 


.908141 


153 


.860730 


4.43 


.139270 


2 




59 


.769045 


2.90 


.908049 


1.53 


.860995 


4.43 


.139005 


1 




60 


.769219 


2.90 


.907958 


1.53 


.861261 


4.43 


.138739 









1 Cosine. 


D- 


Sine. 


1 D. 


Cotang. 


D. 


1 Tang. 


1 M 
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46 


18 
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17 
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18 
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.131848 
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27 
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.868416 
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83 


28 
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2.85 
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.868680 


4.40 


- .131320 


82 


29 
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29 


82 
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28 


33 
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.129999 


27 
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36 
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24 


37 
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23 
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41 
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4.39 
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19 


42 
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.872376 
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18 
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57 
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.123411 
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59 
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.123149 
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1.59 
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4.87 
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4.87 
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.880790 
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16 
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89 




22 
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.117118 
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38 




28 
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.898981 


1.62 


.886288 


4.86 
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4.31 


.094474 


11 


50 


.797307 


2.61 


.891523 


1.70 


.905784 


4.31 


.004216 


10 


51 


9.797464 


2.61 


9.891421 


1.70 


9.906043 


4.31 


10.093957 


9 


62 


.797621 


2.61 


.891319 


170 


.906302 


4.31 


.093698 


8 


53 


.797777 


2.61 


.891217 


1.70 


.006560 


4.81 


.093440 


7 


54 


.797934 


2.61 


.891115 


170 


.906819 


4.31 


.093181 


6 


55 


.798091 


2.61 


.891013 


1.70 


.907077 


4.81 


.092923 


6 


56 


.798247 


2.61 


.890911 


1.70 


.907336 


4.31 


.092664 


4 


57 


.798403 


2.60 


.890809 


1.70 


.907694 


4,81 


.092406 


8 


68 


.798560 


2.60 


.890707 


1.70 


.907852 


4.31 


.092148 


2 


69 


.798716 


2.60 


.890605 


1.70 


.908111 


4.80 


.691889 


1 


60 


.79£872 


2.60 


.890503 


1.70 


.908369 


4.30 


.091631 







Cosine. 


D. 


Sine. 


D. 


Cotanjif. 


D. 


Tang. 


M. 



510 



99" 



TANGENTS, AND COTANGENTS. 



57 



M. 


Sine. 


D. 


Cosine. 


D. 


Tang. 


D. 


Cotang. 







9.798872 


2.60 


9.890608 


TfT 


9.908869 


4.80 


10.091681 


^T 


1 


.799028 


2.60 


.890400 


1.71 


.908628 


4.80 


.091872 


69 


2 


.799184 


2.60 


.890298 


1.71 


.908886 


4.80 


.091114 


68 


8 


.799339 


2.69 


.890196 


1.71 


.909144 


4.80 


.090866 


67 


4 


.799495 


2.59 


.890098 


1.71 


.909402 


4.80 


.090698 


66 


6 


.799661 


2.69 


.889990 


1.71 


.909660 


4.80 


.090840 


66 


6 


.799806 


2.69 


.889888 


1.71 


.909918 


4.80 


.090082 


64 


7 


.799962 


2.69 


.889786 


1.71 


.910177 


4.80 


.089828 


68 


8 


.800117 


2.69 


.889682 


1.71 


.910436 


4.80 


.089666 


62 


9 


.800272 


2.68 


.889679 


1.71 


.910698 


4.80 


.089307 


61 


10 


.800427 


2.68 


.889477 


1.71 


.910961 


4.30 


.089049 


60 


11 


9.800682 


2.68 


9.889374 


1.72 


9.911209 


4.30 


10.088791 


(49" 


12 


.800787 


2.68 


.889271 


1.72 


.911467 


4.80 


.088533 


48 


18 


.800892 


2.68 


.889168 


1.72 


.9H724 


4.30 


.088276 


47 


14 


.801047 


2.68 


.889064 


1.72 


.911982 


4.80 


.088018 


46 


^5 


^801201 
^.801356 


2.68 


.888961 


1.72 


.912240 


4.80 


.087760 


46 


16 


2.67 


.888868 


1.72 


.912498 


4.80 


.087602 


44 


17 


.801511 


2.67 


.888765 


1.72 


.912766 


4.80 


.087244 


48 


18 


.801666 


2.67 


.888651 


1.72 


.918014 


4.29 


.086986 


42 


19 


.801819 


2.67 


.888648 


1.72 


.918271 


4.29 


.086729 


41 


20 


.801973 


2.67 


.888444 


1.78 


.918629 


4.29 


.086471 


40 

39' 


21 


9.802128 


2.57 


9.888341 


1.78 


9.913787 


4.29 


10.086213 


22 


.802282 


2.66 


.888237 


173 


.914044 


4.29 


.086956 


38 


23 


.802436 


2.56 


.888134 


1.73 


.914302 


4.29 


.086698 


87 


24 


.802589 


2,56 


.888030 


1.73 


.914660 


4.29 


.086440 


86 


26 


.802743 


2.66 


.887926 


1.78 


.914817 


4.29 


.086188 


86 


26 


.802897 


2.66 


.887822 


1.78 


.915076 


4.29 


.084926 


84 


27 


.803050 


2.66 


.887718 


1.78 


.916832 


4.29 


.084668 


83 


28 


.803204 


2.56 


.887614 


1.73 


.916590 


4.29 


.084410 


82 


29 


.803357 


2.55 


.887510 


1.73 


.915847 


4.29 


.084168 


31 


80 


.803511 


2.56 


.887406 


1.74 


.916104 


4.29 


.088896 


30 


31 


9.803664 


2.55 


9.887302 


1.74 


9.916362 


4.29 


10.088638 


29 


82 


■ .803817 


2.66 


.887198 


1.74 


.916619 


4.29 


.088381 


28 


83 


.803970 


2.65 


.887098 


1.74 


;916877 


4.29 


.083123 


27 


34 


.804123 


2.65 


.886989 


1.74 


.917134 


4.29 


.082866 


26 


35 


.804276 


2.64 


.886886 


1.74 


.917391 


4.29 


.082609 


26 


36 


.804428 


2.64 


.886780 


1.74 


.917648 


4.29 


.082862 


24 


37 


.804581 


2.64 


.886676 


1.74 


.917906 


4.29 


.082096 


23 


88 


.804734 


2.54 


.886571 


1.74 


.918163 


4.28 


.081837 


22 


89 


.804886 


2.64 


.886466 


1.74 


.918420 


4.28 


.081680 


21 


40 


.805039 


2.54 


.886362 


175 


.918677 


4.28 


.081328 


20 


41 


9.805191 


2.64 


9.886257 


1.75 


9.918934 


4.28 


10.081066 


19 


42 


.806343 


2.63 


.886152 


1.75 


.919191 


4.28 


.080809 


18 


43 


.805496 


2.63 


.886047 


1.76 


.919448 


4.28 


.080652 


17 


44 


.805647 


2.63 


.886942 


1.75 


.919706 


4.28 


.080295 


16 


46 


.805799 


2.63 


.885887 


1.75 


.919962 


4.28 


.080038 


15 


46 


.805951 


2.63 


.885732 


1.76 


.920219 


4.28 


.079781 


14 


47 


.806103 


2.63 


.385627 


1.75 


.920476 


4.28 


.079524 


13 


48 


.806254 


2.53 


.885522 


1.75 


.920733 


4.28 


.079267 


12 


49 


.806406 


2.52 


.885416 


176 


.920990 


4.28 


.079010 


11 


50 


.806557 


2.52 


.885311 


1.76 


.921247 


4.28 


.078753 


10 


61 


9.80e709 


2.52 


9.885205 


1.76 


9.921503 


4.28 


10.078497 9 1 


.62 


.806860 


2.52 


.885100 


1.76 


.921760 ^ 
.922017 


4.28 


.078240 


8 


63 


.807011 


2.52 


.884994 


176 


^ 4.28 


.077988 


7 


64 


.807163 


2.62 


.884889 


176 


.922274 


4.28 


.077726 


6 


65 


.807314 


2.52 


.884783 • 


kl.76 


.922530 


4.28 


.077470 


6,' - 


66 


.807465 


2.51 


.884677 


1.76 


.922787 


4.28 


.077213 


4 


67 


.807615 


2.51 


.884572 


1.76 


.923044 


4.28 


.076956 


8 


68 


.807766 


2.51 


.884466 


176 


.923300 


4.28 


.076700 


2 


69 


.807917 


2.51 


.884360 


1.76 


.923557 


4.27 


.076443 


1 


60 


.808067 


2.51 


.884254 


1.77 


.923813 


4.27 


.076187 





l_l 


Cosine. | 


D. 


Sine. D. | 


Cotanor. 


D. 1 


Tang. 1 M | 



16 



50^ 



58 



LOGARITHMIC SINES, COSINES, 



40* 



M 


Sine. 


D. 


Cosmo. 


1 D. 


1 'iang. 


D. 


Cotang. 




7^ 
1 


9.808067 


2 51 


9.884254 


1.7^ 


9.923813 


4.27 


10.076187 


60 


.808218 


2.51 


.884148. 


1.77 


.924070 


4.27 


.075930 


69- 


^ 


.808868 


2.61 


.884042 X77 


.924327'. 


^ 4.27 


.075673 


68 


8 


.808519 


2.50 


.883936 


1.77 


.924583 


4.27 


.075417^ 
.075160 


67- 


4 


.808669 


2.50 


.883829 


1.77 


.924840 


4.27 


66 


6 


.808819 


2.00 


.883723 


1.77 


.925096 


4.27 


.074904 


65 


« 


.808969 


2.50 


.883617 


1.77 


.925352 


4.27 


.074648 


64 


7 


.809119 


2.50 


.883510 


1.77 


.925609 


4.27 


.074391 


63 


8 


.809269 


2.50 


.888404 


1.77 


.925865 


4.27 


.074135 


62 


9 


.809419 


2.49 


.883297 


1.78 


.926122 


4.27 


.073878 


51 


10 
11 


.809569 
9.809718 


2.49 
2.49 


.883191 
9.883084 


1.78 
1.78 


.926378 


4.27 


.073622 


60 


9.926634 


4.27 


10.073366 


49 


12 


.809868 


2.49 


.882977 


1.78 


.926890 


4.27 


.073110 


48 


18 


.810017 


2.49 


.882871 


178 


.927147 


4.27 


.072853 


47 


14 


.810167 


2.49 


.882764 


1.78 


.927403 


4.27 


.072597 


46 


15 


.810316 


2.48 


.882667 


1.78 


.927659 


4.27 


.072341 


45 


.16 
i47 


.810465 


2.48 


.882550 


1.78 


.927915 


4.27 


.072085 


44 


.810614 


2.48 


.882443 


1.78 


.92817K 


^4.27 
^4.27 


.071829 


43 


18 


.810763 


2.48 


.882336 


179 


.928427 


.071573 


42 


19 


.810912 


2.48 


.882229 


1.79 


.928683 


4.27 


.071317 


41 


20 


.811061 


2.48 


.882121 


1.79 


.928940 


4.27 


.071060 


40 


21 


9.811210 


2.48 


9.882014 


1.79 


9.929196 


4.27 


10.070804 


89 


22 


.811358 


2.47 


.881907 


1.79 


.9-29452 


4.27 


.070548 


88 


28 


.811507 


2.47 


.881799 


1.79 


.929708 


4.27 


.070292 


87 


24 


.811655 


2.47 


.881692 


1.79 


.929964 


4.26 


.070036 


86 


25 


.811804 


2.47 


.881584 


1.79 


.920220 


4.26 


.069780 


85 


26 


.811952 


2.47 


.881477 


1.79 


.930475 


4.26 


.069525 


34 


27 


.812100 


2.47 


.881369 


179 


.930731 


4.26 


.069269 


83 


28 


.812248 


2.47 


.881261 


1.80 


.930987 


4.26 


.069013 


82 


29 


.812336 


2.46 


.881153 


1.80 


.931243 


4.26 


. .068757 
/ '.068501 


31.- 


80 
31 


.812544 
9.812692 


2.46 


.881046 


1.80 


.931499 


4.26 


80 


2.46 


9.880038 


180 


9.931755 


4.26 


10.068245 


29 


32 


.812840 


2.46 


.880830 


180 


.932010 


4.26 


.067990 


28 


38 


.812988 


2.46 


.880722 


1.80 


.932266 


4.26 


.067734 


27 


34 


.813135 


2.46 


.880613 


1.80 


.932522 


4.26 


.067478 


26 


35 


.813283 


2.46 


.880505 


1.80 


.932778 


4.26 


.067222 


25 


36 


.813430 


2.45 


.880397 


1.80 


.933033 


4.26 


.066967 


24 


•87 


313578 


2.45 


.880289 


1.81 


.933289 


4.26 


.066711 


23 


88 


.813725 


2.45 


.880180 


1.81 


.933545 


4.26 


.066455 


22 


39 


.813872 


2.45 


.880072 


1.81 


.933800 


4.26 


.066200 


21 


40 


.814019 


2.45 


.879963 


1.81 


.934056 


4.26 


.065944 


20 


41 


9.814166 


2.45 


9.879855 


1.81 


9.934311 


4.26 


10.065689 


19 


42 


.814313 


2.45 


.879746 


1.81 


.934567 


4.26 


.065433 


18 


43 


.814460 


2.44 


.879637 


1.81 


.934823 


4.26 


.065177 


17 


44 


.814607 


2.44 


.879529 


1.81 


.935P78 


4.26 


.064922 


16 


45 


.814753 


2.44 


.879420 


1.81 


.935333 


4.26 


.064667 


15 


46 


.814900 


2.44 


.879311 


1.81 


.935589 


4.26 


.064411 


14 


47 


.815046 


2.44 


.879202 


1.82 


.935844 


4.26 


.064156 


13 


48 


.815193 


2.44 


.879093 


1.82 


.936100 


4.26 


.063900 


12 


49 


.815339 


2.44 


.878984 


1.82 


.936355 


4.26 


.063645 


11 


50 


.815485 


2.43 


.878875 


1.82 


.936610 


4.26 


.063390 


10 


51 


9.815631 


2.43 


9.878766 


1.82 


9.9368G6 


4.25 


10.063134 


9 


52 


.815778 


2.43 


.878656 


1.82 


.937121 


4.25 


.062879 


8 


53 


.815924 


2.4a 


.878547 


1.82 


.937376 


4.25 


.062624 


7 


54 


.816069 


2.43 


.878438 


1.82 


.937632 


4.25 


.062368 


6 


55 


.816215 


2.43 


.878328 


1.82 


.937887 


4.25 


.062113 


5 


56 


.816361 


2.43 


.878219 


1.83 


.938142 


4.25 


.001858 


4 


57 


.816507 


2.42 


.878109 


1.83 


.938398 


4.25 


.061602 


3 


58 


.816652 


2.42 


.877999 


1.83 


.938653 


4.25 


.061347 


2 


59 


.816798 


2.42 


.877890 


1.83 


.938908 


4.25 


.061092 


1 


60 


.816943 


2.42 


.877780 


1.83 


.939163 


4.25 


.060837 







Cosine. 


1 D. 


Sine. 


D. 


Cotang. 


D. 


Tang. 


l\. 



A9P 



41" 



TANGENTS, AND COTANGENTS. 



59 



M. 


Sine. 


I). 1 


Cosine. 


D. 


Tung. 


D. 


Cotang. 




^? 


9.81(5943 


2.42 


9.877780 


I.b3 


9.939163 


4.25 


10.060837 


"60* 


.817088 


2.42 


.877670 


1.83 


.939418 


4.26 


.060582 


59 


2 


.817233 


2.42 


.877660 


1.83 


.939G73 


4.25 


.060327 


58 


3 


.817379 


2.42 


.877460 


1.83 


.939928 


4.25 


.060072 


57 


4 


.817524 


2.41 


.877340 


1.83 


.940183 


4.25 


.059617 


66 


5 


.817668 


2.41 


.677230 


1.84 


.940438 


4.26 


.069662 


65 


6 


.817813 


2.41 


.877120 


1.84 


.940694 


4.26 


.069306 


64 


^ 


.817958* 


- 2.41 


.877010 


1.84 


.940949 


4.26 


.05^051 


63 


8 


;818103 


2.41 


.876899 


1.84 


.941204 


4.26 


.068796 


62 


9 


.818247 


2.41 


.876789 


1.84 


.941458 


4.26 


.068642 


tl 


10 


.818392 


2.41 


.876678 


1.84 


.941714 


4.26 


.058286 


50 


11 


9.felb536 


2.40 


9.876568 


1.84 


9.941968 


4.25 


10.058032 


"49" 


12 


.818681 


2.40 


.876457 


1.84 


.942223 


4.26 


.067777 


48 


13 


.818825 


2.40 


.876347 


1.84 


.942478 


4.26 


.067622 


47 


14 


.818969 


2.40 


.876236 


1.85 


.942733 


4.26 


.067267 


46 


15 


.819113 


2.40 


.876125 


1.86 


.942988 


4.26 


.067012 


45 


16 


.819257 


2.40 


.876014 


1.85 


.943243 


4.26 


.066767 


44 


17 


.819401 


2.40 


.875904 


1.86 


.943498 


4.25 


.066602 


43 


18 


.819545 


2.39 


.875793 


1.86 


.943752 


4.25 


.066248 


42 


19 


.819689 


289 


.875682 


1.85 


.944007 


4.26 


.066998 


41 


20 


.819832 


2.39 


.875571 


1.86 


.944262 


4.25 
4.26 


.066738 
10.055483 


40 
89 


21 


9.819976 


2.39 


9.875459 


1.85 


9.944517 


22 


.820120 


2.39 


.875348 


185 


.944771 


4.24 


.056229 


88 


23 


.820263 


2.39 


.875237 


1.85 


.945026 


4.24 


.064974 


87 


24 


.820406 


2.39 


.875126 


1.86 


.946281 


4.24 


.064719 


86 


25 


.820550 


2.38 


.875014 


1.86 


.945536 


4.24 


.064466 


85 


26 


.820693 


2.38 


.874903 


1.86 


.946790 


4.24 


.064210 


84 


27 


.820836 


2 88 


.£74791 


1.86 


.946046 


4.24 


.068956 


83 


28 


.820979 


2.38 


.874680 


1.86 


.946299 


4.24 


.053701 


82 


29 


.821122 


2.38 


.874568 


1.86 


.946564 


4.24 


.053446 


81 


80 


.821265 


2.38 


.874456 


1.86 


.946808 


4.24 


.053192 


80 


31 


9.821407 


2.38 


9.874344 


1.86 


9.947063 


4.24 


10.062937 


29 


82 


.821550 


2.38 


.874232 


1.87 


.947818 


4.24 


.052682 


28 


83 


.821693 


2.37 


.874121 


1.87 


.947572 


4.24 


.062428 


27 


34 


.821835 


2.37 


.874009 


1.87 


.947826 


4.24 


.062174 


26 


35 


.821977 


2.87 


.873896 


1.87 


.948081 


4.24 


.061919 


26 


36 


.822120 


2.37 


.873784 


1.87 


.948336 


4.24 


.061664 


24 


37 


.822262 


2.37 


.873672 


1.87 


.948590 


4.24 


.061410 


23 


38 


.822404 


2.87 


.873560 


1.87 


.948844 


4.24 


.051156 


22 


39 


.822546 


2.37 


.873448 


1.87 


.949099 


4.24 


.050901 


21 


40 


.822688 


2.36 


.873335 


1.87 


.949368 


4.24 


.050647 


20 


41 


9.822830 


2.36 


9.873223 


1.87 


9.949607 


4.24 


10.050393 


19 


42 


.822972 


2.36 


.873110 


1.88 


.949862 


4.24 


.050138 


18 


43 


.823114 


2.36 


.872998 


1.88 


.960116 


4.24 


.049884 


17 


44 


.823256 


2.36 


.872886 


1.88 


.960870 


4.24 


.049630 


16 


45 


.823397 


2.36 


.872772 


1.88 


.960626 


4.24 


.049375 


15 


46 


.823539 


2.36 


.872669 


1.88 


.950879 


4.24 


.049121 


14 


47 


.823680 


2.85 


.872547 


1.88 


.961133 


4.24 


.048867 


13 


48 


.823821 


2.35 


.872434 


1.88 


.951388 


4.24 


.048612 


12 


49 


.823963 


2.35 


.872321 


188 


.961642 


4.24 


.048358 


11 


50 


.824104 


2.35 


.872208 


1.88 


.951896 


4.24 


.048104 


10 
9 


61 


9.824245 


2.35 


9.872095 


1.89 


9.952150 


4.24 


10.047850 


52 


.824386 


2.35 


.871981 


1.89 


.952405 


4.24 


.047696 


8 


53 


.824527 


2.85 


.871868 


189 


.952659 


4.24 


.047341 


7 


54 


.824668 


2.34 


.871756 


1.89 


.962913 


4.24 


.047087 


6 


55 


.824808 


2.84 


.871641 


1.89 


.963167 


4.23 


.046833 


6 


56 


.824949 


2.34 


.871528 


1.89 


.953421 


4.23 


.046579 


4 


57 


.825090 


2.84 


.871414 


1.89 


.963676 


4.23 


.046326 


8 


58 


.825230 


2.84 


.871301 


189 


.963929 


4.23 


.046071 


2 


59 


.825371 


2.84 


871187 


1.89 


.954183 


4.28 


.046817 


1 


60 


.825511 


2.34 


.871078 


1.90 


.954437 


4.28 


.045563 







1 Cosine. 


D. 


Sine. 


1 I>- 


Cotang. 


D. 


Tang. 


M. 



48^ 



60 



LOGARITHMIC SINES, COSINES, 



42° 



[M- 


Sine. 


D. 


Cosine. 


D. 


Tang. 


D. 


Cotang. 


1 


T' 


9.825511 


2.34 


9.871073 


1.90 


9.954437 


4.23 


10.045563 


60' 


1 


.825651 


2.83 


.870960 


1.90 


.954691 


4.23 


.045309 


59 


2 


.825791 


2.83 


.870846 


1.90 


.954945 


4.23 


.045055 


6^ 


8 


.825931 


2.33 


.870732 


1.90 


.955200 


4.23 


.044800 


67 


4 


.826071 


2^ 


.870618 


1.90 


.955454 


4.23 


.044546 


66 


5 


.826211 


2.83 


.870504 


1.90 


.955707 


4.23 


.044293 


65 


6 


.826351 


2.83 


.870390 


1.90 


.955961 


4.23 


.044039 


54 


7 


.826*91 


2.88 


.870276 


1.90 


.966216 


4.23 


.043786 


63 


8 


826631 


2.83 


.870161 


1.90 


.956469 


4.23 


.043531 


62 


9 


.826770 


2.82 


.870047 


1.91 


.956723 


4.23 


.048277 


61 


10 
U 


.826910 


2.32 


.869933 


1.91 


.956977 


4.23 


.043023 


50 


9.827049 


2.32 


9.869818 


1.91 


9.957231 


4.23 


10.042769 


49" 


12 


.827189 


2.32 


.869704 


1.91 


.957485 


4.23 


.042516 


48 


13 


.827328 


2.32 


.869589 


191 


.967739 


4.23 


.042261 


47 


14 


.827467 


2.82 


.869474 


1.91 


.957993 


4.23 


.042007 


46 


16 


.827606 


2.32 


.869360 


1.91 


.958246 


4.23 


.041754 


45 


16 


.827745 


2.32 


.869245 


1.91 


.958600 


4.23 


.041500 


44 


17 


.827884 


2.31 


.869130 


1.91 


.958754 


4.23 


.041246 


43 


18 


.828023 


2.31 


.869015 


192 


.959008 


4.23 


.040992 


42 


19 


.828162 


2.31 


.868900 


1.92 


.959262 


4.23 


.040738 


41 


20 


.828301 


2.31 


.868785 


1.92 
1.92 


.959616 
9.969769 


4.23 
4.23 


.040484 
10.040231" 


40 
89 


21 


9.828439 


2.31 


9.868670 


22 


.828578 


2.31 


.868555 


1.92 


.960023 


4.23 


.039977 


88 


23 


.828716 


2.31 


.868440 


1.92 


.960277 


4.28 


.039723 


87 


24 


.828855 


2.30 


.868324 


1.92 


.960531 


4.23 


.039469 


36 


25 


.828993 


2.30 


.868209 


1.92 


.960784 


423 


.039216 


85 


26 


.829131 


2.30 


.868093 


1.92 


.961038 


4.23 


.038962 


84 


27 


.829269 


2.30 


.867978 


193 


.901291 


4.23 


.038709 


83 


28 


.829407 


2.30 


.867862 


1.93 


.961545 


4.23 


.038466 


82 


29 


.829545 


2.30 


.867747 


193 


.961799 


4.23 


.038201 


81 


30 


.829683 


2.30 


.867631 


1.93 


.962052 


4.23 


.037948 


80 


31 


9.829821 


2.29 


9.867515 


193 


9.962306 


4.23 


10.037694 


29 


32 


.829959 


2.29 


.867399 


1 93 


.962560 


4.23 


.037440 


28 


38 


.830097 


2.29 


.867283 


1.93 


.962813 


4.23 


.037187 


27 


34 


.830234 


2.29 


.867167 


1.93 


.963067 


4.23 


.036933 


26 


35 


.830372 


2.29 


.867051 


1.93 


.963320 


4.23 


.036680 


26 


^« 


.830509 , 


_ 2.29 


.866935 


1.94 


.963574 


4.23 


.036426 


24 


^7 


.830646 


2.29 
2.29 y 
2.28^ 


' .866819 


194 


.963827 


4.23 


.036173 


23 


38 


.830784 


^ .866703 


1.94 


.964081 


4.23 


.035919 


22 


39 


.830921 


.866586 


1.94 


.964335 


4.23 


.035666 


21 


40 
41 


.831058 


2.28 


.866470 


1.94 


.964588 


4.22 


.035412 


20 


9.831195 


2.28 


9.866353 


1.94 


~9?964b42~ 


4.22 


10.035158 


"19 


42 


.831332 


2.28 


.866237 


1.94 


.965095 


4.22 


.034905 


18 


43 


.831469 


2.28 


.866120 


1.94 


.965349 


4.22 


.034651 


17 


44 


.831606 


2.28 


.866004 


1.95 


.965602 


4.22 


.034398 


16 


45 


.831742 


2.28 


.865887 


1.95 


.966855 


4.22 


.084146 


15 


46 


.831879 


2.28 


.865770 


1.95 


.966105 


4.22 


.033891 


14 


47 


.832015 


2.27 


.865653 


1.95 


.966362 


4.22 


.038638 


13 


48 


.832152 


2.27 


.865536 


1.95 


.966616 


4.22 


.033384 


12 


49 


.832288 


2.27 


.865419 


195 


.966869 


4.22 


.033131 


11 


50 


.832425 


2.27 


.865302 


1.95 


.967123 


4.22 


.032877 


10 


51 


9.832561 


2.27 


9.865185 


1.95 


9 967376 


4.22 


10.032624 


9 


52 


.832697 


2.27 


.865068 


195 


.967629 


4.22 


.032371 


8 


53 


.832833 


2.27 


.864950 


1.95 


.967883 


4.22 


.032117 


7 


54 


.832969 


2.26 


.864833 


196 


.968136 


4.22 


.031864 


6 


55 


.833105 


226 


.864716 


1.96 


.968389 


4.22 


.031611 


5 


56 


.833241 


2.26 


.864598 


1.96 


.968643 


4.22 


.031357 


4 


57 


.833377 


2.26 


.864481 


1.96 


.968896 


4.22 


.031104 


8 


58 


.833512 


2.26 


.864363r« 
.864245 


J.96 


.969149 


4.22 


.030861 


2« 


59 


.833648 


2.26 


1.96 


.969403 


4.22 


.030597 


1 


60 


.833783 


2.26 


.864127 


1.96 


.969656 


4.22 


.080344 







1 Cosine. 


I D. 


Sine. 


D. 


Cotang. 


D. 


Tan^. 1 


M. 



470 



43* 



TANGENTS, AND COTANGENTS. 



61 



M. 


Sine. 


D. 


Cosine. 


D. 


Tang. 


D. 


Cotang. 







9.838783 


2.2e 


9.864127 


1.96 


9.969656 


4.22 


10.080344 


"o" 


1 


.888919 


2.25 


.864010 


1.96 


.969909 


4.22 


.030091 


59 


2 


.884054 


2.25 


.863892 


1.97 


.970162 


4.22 


.029838 


68 


8 


.884189 


2.25 


.868774 


1.97 


.970416 


4.22 


.029584 


67 


4 


.884325 


2.25 


.868656 


1.97 


.970669 


4.22 


029381 


66 


5 


.834460 


2.25 


.863538 


1.97 


.970922 


4.22 


.029078 


55 


6 


.834595 


2.25 


.863419 


1.97 


.971175 


4.22 


.028825 


64 


7 


.884730 


2.25 


.868801 


1.97 


.971429 


4.22 


.028571 


63 


8 


.834865 


2.25 


.863188 


1.97 


.971682 


4.22 


.028318 


52 


9 


.834999 


2.24 


.863064 


1.97 


.971935 


4.22 


.028065 


51 


10 


.835134 


2.24 


.862946 


1.98 


.972188 


4.22 


.027812 


60 


11 


9.885269 


2.24 


9.862827 


1.98 


9.972441 


4.22 


10.027559 


49 


12 


.885403 


2.24 


.862709 


1.98 


.972694 


4.22 


.027306 


48 


18 


.835538 


2.24 


.862590 


1.98 


.972948 


4.22 


.027052 


47 


14 


.835672 


2.24 


.862471 


1.98 


.973201 


4.22 


.026799 


46 


15 


.835807 


2.24 


.862353 


1.98 


.973454 


4.22 


.026546 


45 


16 


.835941 


2.24 


.862234 


1.98 


.978707 


4.22 


.026293 


44 


17 


.886075 


2.28 


.862115 


1.98 


.978960 


4.22 


.026040 


43 


18 


.886209 


2.23 


.861996 


1.98 


.974218 


4.22 


.026787 


42 


19 


.886343 


2.28 


.861877 


1.98 


.974466 


4.22 


.025584 


41 


20 


.836477 


2.28 


.861768 


1.99 


.974719 


4.22 


.026281 


40 


21 


9.836611 


2.28 


9.861688 


1.99 


9.974973 


4.22 


10.025027 


89 


22 


.836745 


2.23 


.861519 


199 


.976226 


4.22 


.024774 


88 


28 


.836878 


2.23 


.661400 


1.99 


.975479 


4.22 


.024521 


87 


24 


.837012 


2.22 


.861280 


1.99 


.975732 


4.22 


.024268 


86 


/26 


.837146 


2.22 


.861161 


1.99 


.975985 


4.22 


.024015 


85 


26 


.887279 


2.22 


.861041 


1.99 


.976238 


4.22 


.023762 


84 


27 


.837412 


2.22 


.860922 


1.99 


.976491 


4.22 


.023509 


83 


28 


.837546 


2.22 


.860802 


1.99 


.976744 


4.22 


.028256 


82 


29 


.837679 


2.22 


.860682 


2.00 


.976997 


4.22 


.023003 


81 


30 


.837812 


2.22 


.860662 


2.00 


.977250 


4.22 


.022750 


80 


81 


9.837945 


2.22 


9.860442 


2.00 


9.977603 


4.22 


10.022497 


29 


82 


.888078 


2.21 


.860322 


2.00 


.977756 


4.22 


.022244 


28 


1^3 


.838211^ 
.838344 


2.21 


.860202 


2.00 


.978009 


4.22 


.021991 


27 


34 


' 2.21 


.860082 


2.00 


.978262 


4.22 


.621738 


26 


35 


.888477 


2.21 


.859962 


2.00 


.978516 


4.22 


.021485 


25 


36 


.838610 


2.21 


.859842 


2.00 


.978768 


4.22 


.021232 


24 


37 


.888742 


2.21 


.859721 


2.01 


.979021 


4.22 


.020979 


23 


38 


.888876 


2.21 


.869601 


2.01 


.979274 


4.22 


.020726 


22 


39 


.839007 


2.21 


.859480 


2.01 


.979627 


4.22 


.020473 


21 


40 


.839140 


2.20 


.859360 


2 01 


.979780 


4.22 


.020220 


20 


41 


9.839272 


2.20 


9.859239 


2 01 


9.980033 


4.22 


10.019967 


19 


42 


.839404 


2.20 


.859119 


2.01 


.980286 


4.22 


.019714 


18 


43 


.839536 


2.20 


.858998 


2.01 


.980538 


4.22 


.019462 


17 


44 


.839668 


2.20 


.868877 


2.01 


.980791 


4.21 


.019209 


16 


45 


.839800 


2.20 


.868756 


2 02 


.981044 


4.21 


.018956 


15 


46 


.839932 


2.20 


.858635 


2.02 


.981297 


4.21 


.018703 


14 


47 


.840064 


2.19 


.858614 


2.02 


.981660 


4.21 


.018450 


13 


48 


.840196 


2.19 


.868398 


2 02 


.981803 


4.21 


.018197 


12 


49 


.840328 


2.19 


.858272 


2.02 


.982056 


4.21 


.017944 


11 


60 


.840459 


2.19 


.858151 


2 02 


.982309 


4.21 


.017691 


10 


61 


9.840591 


2.19 


9.868029 


2 02 


9.982562 


4.21 


10.017438 


9 


62 


.840722 


2.19 


.857908 


2.02 


.982814 


4.21 


.017186 


8 


63 


.840854 


2.19 


.867786 


2.02 


.983067 


4.21 


.016933 


7 


54 


.840985 


2.19 


.857665 


2.03 


.983320 


4.21 


.016680 


6 


65 


.841116 


2.18 


.857543 


2.03 


.983673 


4.21 


.016427 


6 


56 


.841247 


2.18 


.857422 


2.03 


.983826 


4.21 


.016174 


4 


57 


.841378 


2.18 


.857300 


2 03 


.984079 


4.21 


.016921 


3 


58 


.841509 


2.18 


.857178 


2.03 


.984331 


4.21 


.015669 


2 


59 


.841640 


2.18 


.857066 


2.03 


.984584 


4.21 


.015416 


1 


60 


.841771 


2.18 


.856934 


2 03 


.984837 


4.21 


.015168 







! Cosine 


D. 


Sine. 


D. 


CotAng. 


D., 1 


Tang. 1 


M. 



4e> 



62 



LOGARITHMIC SINES, COSINES, &C. 



44" 



M 


Sine. 


D 


Cosine. 


1 ^' 


lang. 


1). 


Cotang. 




"o" 


9.»41771 


2 18 


9.856934 


2.03 


9.984837 




10.015163 


"eT 


1 


.841902 


2.18 


.866812 


2.03 


.986090 


4.21 


.014910 


69 


2 


.842033 


2.18 


.856690 


2.04 


.985343 


4.21 


.014657 


68 


8 


.842168 


2.17 


.856568 


2.04 


.985596 


4.21 


.014404 


57 


4 


.842294 


2.17 


.856446 


2.04 


.985848 


4.21 


.014162 


66 


6 


.842424 


2.17 


.856323 


2.04 


.986101 


4.21 


.013899 


65 


6 


.842555 


2.17 


.856201 


2.04 


.986354 


4.21 


.013646 


54 


7 


.842685 


2.17 


.866078 


2.04 


.986607 


4.21 


.013398 


63 


8 


.842815 


2.17 


.856956 


2.04 


.986860 


4.21 


.018140 


52 


9 


.842946 


2.17 


.855833 


2.04 


.987112 


4.21 


.012868 


51 


10 


.848076 


2.17 


.855711 


2.05 


.987365 


4.21 


.012636 


50 


ll 


9.843206 


2.16 


9.865588 


2.05 


9.987618 


4.21 


10.012382 


49 


12 


.843336 


2.16 


.855466 


2.05 


.987671 


4.21 


.012129 


48 


13 


.843466 


2.16 


.855342 


2 05 


.988123 


4.21 


.011877 


47 


14 


.843595 


2.16 


.855219 


2 05 


.988376 


4.21 


.011624 


46 


Id 


.843725 


2.16 


.855096 


2.05 


.988629 


4.21 


.011371 


45 


16 


.8438.55 


2.16 


.854978 


2.06 


.988882 


4.21 


.011118 


44 


17 


.843984 


2.16 


.854850 


2 05 


.989134 


4.21 


.010866 


43 


18 


.844114 


2.15 


.854727 


2 06 


.989387 


4.21 


.010613 


42 


-19 


.844243 


2.15 


.854603 


2.06 


.980640 


4.21 


.010860 


41 


20 
21 


.8443Y2 


2.15 


.6544*^0 


2.06 


.969893 


4.21 


.010107 


40 


9.844502 


2.15 


9.854356 


2.06 


9.990145 


4.21 


10.009655 s 


\B9n 


22 


.844631 


2.15 


.854233 


206 


.990398 


4.21 


.009602 


88 


23 


.844760 


2.15 


.854109 


2 06 


.990651 


4.21 


.009849 


87 


24 


.844889 . 


2.15 


.853986 


2.06 


.990903 


4.21 


.009097 


36 


25 


.845018 


2.15 


.853862 


2.06 


.991166 


4 21 


.008844 


86 


26 


.845147 


2.15 


.853738 


2 06 


.991409 


4.21 


.008691 


84 


27 


.845276 


2.14 


.853014 


2 07 


.991662 


4.21 


.008338 


83 


28 


.845405 


2.14 


.8534li0 


2.07 


.991914 


4.21 


.008086 


82 


29 


.845538 
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"NEW, AND UP WITH THE TIMES." 




GREENLEAF'S 



MERITORIOUS AND ECONOMICAL, 
Tested and proved, these books have an unprecedented popularity. 

Over l,eOO,000 Oopie» in iise ! 



DISTIHGUISHII^G FEATUI^ES. 



1. A complete coarse for all classes of learners, upon the same plan and by 
one author. 

2. The Primary Books are strictly elementary, and not mere abstracts or 
abridgments of larger works. 

3. Each book is complete in itself but so constructed as to prepare the 
learner for systematic progress. 

4. The methods and processes are entirely modem, and most happily combine 
mental and written processes. 

5. The course is arranged with a view of saving the time of the learner, and 
of expense, by the use of the smallest number of text-books. 

6. The several books are beautifully illustrated, printed upon sized paper, and 
handsomely and durably bound. 



SCHOOL OFFICERS 

Oontemplating a oliange of Mathematical Text-Books, are inyited to 
examine O-REENLEAF'S NEW SERIES. Address, 

ROBERT S. DAVIS & CO., 

36 Bromfield St., Boston. 



GREENLEAF'S NEW MATHEMATICAL SERIES. 

NEW SERIES OF ARITHMETICS. 



Eaoti Book is complete In itself; and sold separately. 



Superior to all others in use. 



1. In clearness of statement. 

2. In procressive development. 

3. In logical arrangement 

4. In conciseness and accuracy. 

5. In simplicity of analysis. 



6. In improved processes. 

7. In conformity to business usages. 

8. In variety of practical problems. 

9. In conformity to new legal standards. 
10. In adaptation to all classes of pupils. 



KEW PRIMARY ARITHMETIC. 

This book is on the plan of Object Teaching, and is beautifully illustrated. 

It combines Written and Oral Exercises, in lessons, all of an inviting 
and attractive nature. 

Primary Classes are fully prepared by its use for the next book of the 
series. 



NEW ELEMENTARY ARITHMETIC. 

A Comprehensive Manual, at once inductive^ analytic and useful, ex- 
pressly prepared to provide for new educational demands. 

It is especially adapted to Intermediate Classes, and to the wants of 
pupils whose limited opportunities require that they should learn much in the 
shortest possible time. 

It brings together in a brief form the essentials of arithmetic, mental and 
written, the fundamental rules, fractions, percentage and interest, and with the 
New Primary Arithmetic forms a complete course, in only two book^ 



GREENLEAF'S NEW^ MATHEMATICAL SERIES. 



NEW PRACTICAIi ARITHMETIO. 

A Complete Arithmetic, entirely modem in its methods, and combining 
throughout practical utility with scientific accuracy. 

It was the first to make written exercises intellectual, to thoroughly enforce 
educational results by means of systematic review questions and exercises, and to 
introduce certain technical work of great value to Business Men, Farmers, 
Masons and Carpenters. 

The extent to which this book has caused like books to be revised or re-writ- 
ten, is a sufficient evidence of its standard character. 

Its important features, such as the early introduction of the decimal point, 
the avoiding of many special rules, and of obsolete or extraneous matter, and the 
introduction of valuable new applications, have aided to make this work the most 
popular of its kind now before the public. 

In it may be found, treated in a practical manner, the Metric System, Stocks 
and Government Securities, new par of English Exchange, and the new legal 
values of Foreign Coins. 



It will be noted that this work, with Greenleaf's New Primary and New 
Elementary Arithmetics, forms a clear, practical, comprehensive system, a time- 
saving and labor-saving course, 

oo:b^i»I4Btb i3sr onsm.'Y Txxxiss soozss, 

and is believed to be the cheapest, most convenient and productive, that has ever 
appeared. 

By their use, in comparison with some extended courses of five or more 
books, it is safe to say that the learner may not only make better progress, but 
at least 

Save Two Tears of Valuable Time! 



GREENLEAF'S NEW MATHEMATICAL SERIES, 

. bS \ - - 

GBEENIiBAF'S ARITHMETICS 

have been approved for, and are now used, in the most important Schools of 
BOSTON, NEW YORK CITY, PHILADELPHIA. 

and many other cities ; and have been recently introduced into upwards of 6,800 
SoHools in the Eastern and Middle States, including entire uniformity in 
numerous counties. 

GREENLEAPS is the standard in upwards of 1,000 Cities and 
Towns in the New England States alone. 



TESTIMONIALS, 



From Rkv. Lkvkrett Griggs, School Visitor^ Bristol^ Conn.., April 3, 1875. — "Some years 
since, GreenleaPs Arithmetics were used in our schools. They were displaced by . 

Last Fall the Board unanimously adopted Greenleaf s New Series, to the great satisfaction of our 
most accoraplislied teachers, as well au that of our school officers.'* 



From S. B. Frost, Principal of Union Graded School, Killingly, Conn,, April 29, 1876. — 
"Greenleaf 's New Series of Arithmetics were recently adopted for the Schools of Killingly. 
Teachers and pupils seem more than pleased with them. The series is well graded through its 
successive books ; admirably arranged, concise and logical in definitions, and seems to present all 
the new methods which recent improvements made in teaching have developed. The New Prac- 
tical Arithmetic is well named. It is sufficiently full for all ordinary purposes, and is characterized 
by a happy combination of beauty in the tyi)e, clearness and preciseness in the language, and is, 
I thiuic, tlu best luork of the kind extant.^ 



From Linus T. Gilbert, School Visitor, Litchfield, Conn., Jan. 2, 1875. — " Greenleaf *s 
New Series of Arithmetics are just what we have wanted for some time. I think ih<tta.far superior 

to , formerly in use. I am pleased that they have been introduced in our schools. 

There are many new features in the books that must commend them to towns now using books 
like ■' , as we formerly had." 



From S. T. Dutton, Principal South Norwalk School, Ct., April, 1875.—" I have used 
GreenleaPs Mathematical Works, and take pleasure in testifying to the rare excellencies which 
they possess. So well are they adapted to the popular wants that I never heard a teacher speak 

' iiem as deficient in any respect.*' 



GREENLEAF'S NEW MATHEMATICAL SERIES, 



From E. T. Hayward, Principal W. District Grammar Schocly RockvUU^ Ct.^ April, 1875. 
" Having tested GreenleaPs New Arithmetics in my school for a term of fourteen weeks, I cheer- 
fully recommend them to the favorable consideration of all teachers in need of good text-books. 
The prominence given to the principles embodied in the fundamental rules, and the constant 
attention to practical applications throughout the works are prominent excellencies." 



From R. B. Clarkh, Fitchburgj Jan. 23, 1875. — " We have used GreenleaTs Series, as a 
whole, or in part, for several years, with entire satisfaction. In my opinion they have not been 
surpassed in excellence as text-books.*' 



From Percy S. Bryant, Prittcipal of High School^ ThompsonvUle^' Conn. — " I have care- 
fully examined Greenleafs New Mathematical Series, and consider it superior to any with which 
I am familiar. I gladly recommend it to all who desire first-class text-books." 



From E. D. Sanborn, Professor in Dartmouth CoUege. — ^'GreenleaTs works have all a deserved 
popularity, and their general use attests their excellence. The most experienced teachers adopt 
them.'' 



From I. Van Houtkn, President of Board of Education^ Paterson, N. 7.— "At the Jast 
meeting of the Board of Education of this dty, Greenleafs New Series was adopted for exclusive 
use in our schools.*' 



From Alanson Palmer, Superintendent of Schools^ Long Island City^ H. V. — " A trial of 
three years has satisfied all our principals of the general superiority of Greenleaf *s Arithmetics, 
and all are favorable to the books. The New Practical we conaHder perfectiont both as to arrange- 
ment and on account of new and important matter contained in it.'* 



From George C. Fbnn, Principal of Grammar School^ IVare^ Mass. — ** For accuracy 
and conciseness, Greenleafs New Series of Arithmetics, now used in all our schools, is 
unsurpassed." 



From A. C. Brackett, Principal of Storer Normal School^ W. Ta.— ♦*We shall hereafter 
use Greenleafs Arithmetics, and no others, in this institution.'* 



From D. C. Stone, Professor in Oakland College^ CaL — *^I have used Greenleafs Arithme- 
tics for several years, and am not disposed to change.*' 



GREENLEAF'S NEW MATHEMATICAL SERIES, 



From J. S. Cillky, Principal of Graded School^ Brandon, Vt. — " We hare used Greea- 
leaf 's Arithmetics in the Graded School for five years, and we shall continue to use thtin in 3rears 
to come." 

From J. H. Walker, County Examinor, Bergen County, EngUwood, N, y.— "Having 
used Greenleaf's Mathematical Text-books in the school-room for several years, it gives me 
pleasure to state that I know of no books so ivell adapted \o the wants of our public schools.'* 



From Dr. John M. Brewstbr, Superintendent of Public Schools, Piits/ield, Mass,— 
"Greenleaf's Arithmetics were introduced last Fall, by the unanimous vote of the School 
Committee, into all the public schools of Pittsfield ; and all omcemed, teachers and pupils, 
are glad of the change. We feel confident that now we are in possession of the best Arithme- 
tics our pupils have ever used." 



From Rev. J. E. Robins, 5". S. Committee, Hooksett, N, H^ Jan. a6, 1876. — ** We are using 
Greenleaf's New Elementary Algebra, and Practical Arithmetic, in the schools of this town. 
Think that they are the best,^ ^^ 

From John H. Goodalb, Superintendent of Schools, Nashua, N.H.,Jw\t 10,1876. — "Rob- 
ert S. Davis & Co. Gentlemen: — After much deliberation, twelve months ago, Greenleaf's 
Series of Arithmetics was adopted by the School Board of this city. It has given entire satisfac- 
tioH both in the primary and in the advanced grades. The work, in its statement of principles, in 
its illustrations, and in its selection of problems, is well adapted to the present condition and 
future requirements of the scholars of our public schools.** 



From H. R. Burrington, Chicopee High School, Chicopee, Mass,, May 27, 1876. — "We are 
using Greenleafs New Series of Mathematics in our schools, and like them very much. I con- 
sider his * Mathematical Course ' as now improved inferior to none in use. Clear and Compre- 
hensive, thorough and complete in its treatment of subjects, especially those of the most practical 
use in life, the course seems to me to include just what is required in a good mathematical educa- 
tion. I have used Greenleafs Mathematics for several years, and have not yet fotmd any I would 
exchange for them.*' 

From D. Copeland, Principal Wyoming Seminary, Kingston^ Pa., March 7, 1876.— "We 
have for several years used Greenleafs New Arithmetics in this Seminary, and find them well 
suited to the wants of students. We have seen no works on the subject that suited us better." 



From D. E. Miller, Superintendent of Schools, St. yohnsbury, Vt., April 6, 1876. — " From 
personal acquaintance with Greenleafs Arithmetics, I can say they are as good as any thing of the 
kind with which I have met." 

From Edward A. Kingslsv, Principal Hugh School, Nashua, N, H., May 17, 1876,— 
^Greenleafs New Series of Arithmetics has been used exclusively in the Nashua public schools 
lor the past school year, and the Algebras of the same series, for several years. These works have 
given universal satisfaction, and completely supply the needs of our schools in that direction. 
Their systematic, concise, thorough treatment of the various rules is unequaled by any w<»-k I 
have had the pleasure of examining ; and the success of our teachers in using them is the very 
highest tribute to their real practical value in the school-room.** 



From William C Crippbn, Principal Normal School, yohnson, Vt., Jan. 31, 1876. — "We 
have readopted Greenleafs Series of Arithmetics. If there are better books in the market we 
have not seen them, and we state it as an opinion confirmed by the use of other books, that 
'Greenleafs mathematical works are as yet unrivaled." 



GREENLEAF'S NEW MATHEMATICAL SERIES. 



Prom S. W. Landon, Principal and Superintendent of Schools^ SU Albans^ Vt.^ April 14, 
1876. — By the unanimous action of the School Board, Greenleafs New Arithmetics have just 
been introduced into all of our schools, to the very evident gratification of teachers, pupils, and 
parents. All who have known the excdlences of Greenleafs books, formeriy in use, cannot £iil to 
be perfectly satisfied with the New Arithmetics, presenting as they do many improvements. After 
a careful examination of the books, I ui^gently recommended their adoption, and do most heartily 
indorse the opinion expressed by the action of the Board, that Greenleafs New Arithmetics are 
more comprehensive, practical, and better adapted to our public schools, than any others that I 
have seen." 

Prom J. G. Dbarborn, Superintendent of Schools^ Matuhester^ A^./T., June 14, 1875.—**! 
have always felt very friendly to Greenleafs Mathematics, and know of none superior.'' 



From LuTHBR Emerson, Member of School Committee, Haverhill, Mass., April 14, 1876. — 
** I believe Greenleafs Arithmetics have never been excelled. The New Arithmetics and Algebras 
are giving universal satisfaction in our schools." 



Prom John B. Thurston, Superintendent of Schools, Montpelier, Vt., Jan. 3, 1876. — ''The 
Arithmetics sent me were duly received, and their merits readily seen. They bav« since been 
adopted for all the schools of this town." 



From J. C. Stockwbll, Principal Grammar School, Hartford, Conn., Feb. 9, 1876. — " I like 
Greenles^s New Arithmetics, but am espf dally pleased with the combination of mental and writ- 
ten work." 

From Augustus Motise, Principal of Grammar School, Hartford, Conn., Feb. 12, 1876. — 
** Greenleafs New Arithmetics are admirable books, and well adapted to the class of pupils for 
which they are prepared." 

From Geo. E. Nichols, Principal Hi^h School, Webster, Mass., Sept i, 1875. — " Greenleafs 
Series of Mathematics /have won their high reputation justly, — upon their merits. In matter, 
method, and form, they are incomparable. After six years' use and comparison with competing text 
books, -I unhesitatingly pronounce them the best Within the past year, with the full indorse- 
ment of our teachers, and with the unanimous vote of our School Board, Greenleaf *s New Series 
have been introduced into all oiu* schools." 



From Hannah E. Choatb, Principal of Bently Grammar School, Salem, Mass., Feb. as, 
1876. — ** I have used Greenleafs Practiqil Arithmetic, and like it much.'* 



GREENLEAF'S NEW MATHEMATICAL SERIES, 

GREEN LEAF'S 
HIGHER SCHOOL MATHEMATICS. 



NEW ELEMENTARY ALQEBRA. 

This is a well-known popular favorite, and admitted on all hands to be a worl 
of rare excellence. Its extraordinary success has led to the publication of i 
number df imitation treatises, but all falling far short of the merit of the original. 



NEW SHORTER COURSE IN GEOMETRY. 

The increased attention given of late to the application of Geometry \i 
Elementary Education, has made a necessity a brief course like this. It containi 
all the more important theories and problems of the science, with exercises foi 
original thought and practical applications. The success of this work shows thai 
it is meeting a general want. 



RECOMMENDATIONS. 



From Horatio O. Ladd, Princi^ State Normal School^ Plymouth^ N. H.y July 14, 1875.- 
** We have used GreenleaPs New Elementary Algebra in our Normal School with very genera 
acceptance to teachers and pupils. It holds an honorable place in the excellent Mathematica 
Series which the author has so long furnished to the schools of our land.** 



From Edward G. Ward, Principal p/ Public School No. 11, Jersey City^ N. 7.—" My ex 
perience with Greenleaf's Mathematics justifies me in speaking of them in terms of the highest 
commendation. The Geometry, the Algebra, the Arithmetic, — are all good.** 



From J. D. Smith, Principal of Worcester Academy^ Mass. — "My experience has convince/ 
me that GreenJeaf s Elementary Algebra stands among ike very best works on the subject. W( 
use the work in this institution.'* 



From Gborgb A. Wentworth, Professor 0/ Mathematics^ Phillips Academy^ Exeter^ N.U 
— "I have used Greenleaf *s New Elementary Algebra for more than six years. It has proved s< 
satisfactory that I have no desire or inclination to change for any other." 



From Isaac N. Carlkton, Principal 0/ Normal School^ Conn. — "Although sorely pressel 
to adopt some other Algebra, we still continue to use Greenleaf 's in the Normal School, and con 
sider it the best. 



GREENLEAF'S NEW MATHEMATICAL SERIES, 

GREENLEAF'S 
UNIVERSITY MATHEMATICS. 



•o;«<o* 



New Higher Algebra, 

This elegant treatise, containing many important improvements, meets very 
fully the requirements of the best standard of instruction in Agricultural Col- 
leges, Institutes of Technology and Universities. 

Elements of Geometry. 

Its arrangement is the simple order adopted by Legendre. The acknowl- 
edged improvements of M. DeCunha have been carefully incorporated into 
the work. Numerous miscellaneous Geometrical Exercises are a distinctive 
feature, and make the course both complete and practical. 

Elements of Trigonometry, 

In this comparatively short course. Plane and Spherical Trigonometry is 
analytically treated and f radically applied. The Trigonometric Functions, in 
accordance with the modern method, have been reg;arded as ratios. The work is 
full and comprehensive^ containing the most useful applications, with full tables, 

IMPORTANT TESTIMONY. 

From. C O. Thompsox, now Principal of J nsiitute of Technical Science., Worcester^ Mass. — 
" Greenleaf's Algebras work well in my school. Tlie New Elementary is logical, lucid, progres- 
sive, and dignified, and the New Higher is, if possible, better than the Elementary." 



FromCHK-RVRs H. Smith, Pro/essor o/ Mathematics^ Boivdoin CoHeg-e., Me. — "I have care- 
fully examined Greenleaf 's Algebras, Geometry, and Trigonometry of the New Comprehensive 
Series, and find they are admirably adapted to the purpose for which they are designed. Clear, 
sufficient'y concise, and printed in excellent taste, they can hardly be surpassed as introductory 
text-books. Greenleaf *s New Higher Algebra has long been a popular text-book in this college. '^ 

From J. D. Runklk, now President of Massachusetts Institute o/ Technology^ Boston. — 
" The greatest care has evidently been taken with the style of the Geometry. After a careful 
search we have not been able to find one expression which we felt sure could be improved." 



From Sbldbn J. Coffin, Adjunct Professor of Mathematics^ Lafayette College., Pa*—- 
" Greenleaf 's New Higher Algebra, by its judicious arrangement and the practical nature of its ex- 
amples, commends itself to the favor of teachers. The work excels in the mode of presenting the 
general theory of Equations ; and the sections on Variation, Useful Formulas, and the chapter on 
Kadica^ Quantities are of great practical value." 



From E. J. Thompson, Professor of Mathematics, University of Minnesota. — " I have exam- 
ined Greenleaf*s Trigonometry, and like it well. I am pleased with its systematic and logical 
treatment of the subject, and also with the practical work it introduces to the student I shalluse 
it in my future classes." 



PARKER'S EXERCISES IN COMPOSITION, 



PAEKER'S EXERCISES DT COMPOSITION! 

REVISED AND ENLARGED. 

By JAMES H. HAMILTON, M. D. 

♦ 

A COMPLETE COUBSE IK" ONE BOOK. 



The attention of Teachers is specially invited to the improvements con- 
tained in the present edition of this useful Manual, which has been a great 
favorite in the School Room for so many years. It now appears in a new and 
more attractive dress, and in a form to render it more useful. 

It is believed that " Parker's Exercises," in its revised and enlarged form, 
will prove a useful auxiliary in teaching Composition and Rhetoric, for the fol- 
lowing reasons : — 

1. The work is progressive^ commencing with very easy and simple exer- 
cises, and concluding with the general principles of Rhetoric, — ^thus comprising 
a complete course in one book. 

2. Capitals and Punctuation are clearly and fully treated where they should 
be, in the body of the work, and not in a brief appendix. 

3. The whole work is divided into four distinct parts, presenting in order 
the different departments of Composition ; as words, sentences, discourse, etc 

4. A Chapter of Miscellaneous Exercises is given as a general Review of 
all the Lessons. 

5. The exercises in this volume have stood the test of the School Roont 
Most of the original exercises have been retained, and a number of new ones 
added to render the work more complete. 

This work has been approved for, and is now used in some of the most im- 
portant schools of New York City, Boston, Worcester, Lowell, Providence, New 
Haven, etc, and in the public or private schools of many other important 
places in different States, 



PARKEX'S EXERCISES IN COMPOSITION. 



"WHAT IS SAID OF IT. 



/>#M Rev. Edwakd Cookb, D. D., lait Principal of WesUyan Academy ^ Wilbrakaith 
Mass. — " We have used Parker^s Progressive Exercises in English Composition, in the institution 
the past year and are well pleased with the work. It possesses the advantage of presenting just 
wliat the pupil needs to learn, and in the briefest possible manner. I know of no similar work 
which answers our wants so well ; " mtUtum inparvot** is practically realized in it.*' 



From Prof. F. A. Allbn, lait Prittcipal of SiaU Normal School^ Pa,'-^^ I am glad to see 
this new little gem of a book, Parker's Progressive Exercises in Composition. Many thanks to 
Mr. Hamilton for revising this best of old standard works. We like the book and its division into 
four parts. Success to it. 

P'rom Prof. Albxandbr Wimchell, LL.D., o/ University of Mi£higa$t,—" I always 
fiked Parker's Exercises in English Composition, and I like still more the revised and enlarged 
idition. My tastes, no less than occasional occupations, have led me to become acquainted with 
works of this class, and I do not express a recently formed opinion, when I say that Parker's Ex- 
ercises has always had my highest approval. The writing of compositions becomes here an 
amusement It is generally the dreaded drudgery of the school. 

" This work begins at the level of the lowest capacity ^ and ftoats him along without his con- 
f^ioMsness^ certainly without a wearisome effort^ to the mastery of a finished style. I presume it 
«ras intended for preparatory schools ; but I am sure a Freshman in college could have no better 
ihetorical drill than to begin with the first lesson and faithfully follsw on to the last Small as the 
Oook is, unpretending as it is, it teaches exactly those things in which my e3q>erience informs me 
^t even college students are very apt to be sadly deficient." 



From Joseph Hall, A. M., Principal of Public High School^ Hartford, Ct.—^*^^ continue 
«o use the revised edition of Parker's Exercises in English Composition, with constant and uniform 
I consider it to be by far the best work of the kind that I have ever seen." 



From J. P. Sherman, A. M., President Pennsylvania Female College. — " I have tised 
Parker's Exercises in English Composition, and have found it to be an excellent work, and one in 
«rhich the young take great interest. 

*'The new enlarged edition is much improved, and will doubtless have a large circulation." 



From H. Damb, Principal of High School^ Bangor^ Me. — " It gives me pleasure to state 
that Parker's Exercises in Composition has been in use in our High School during the past three 
years, to our entire satisfaction. I know of no work so admirably adapted to give the younger 
classes in a High School that training in the Art of English Composition, so essential to a good 
education, and yet, unfortunately, so often neglected, or crowded out by other studies. The prin- 
ciples are stated with clearness and conciseness, the exercises for practice are numerous and varied, 
and cover sufficient ground to occupy pupils, from two to three years ; indeed, with proper teach- 
ing, it may be made to take the place of a regular text*book in Rhetoric I can fully endorse it as 
a school-book leaving nothing to be desired.'* . 



PARKER^S EXERCISES IN COMPOSITION, 



From E. O. Hovhy, A. M., Principal of High School^ Newark^ N 5^.—" Many thanks for 
Parker's Exerdses in English Composition, revised by Hamilton. Parker's Exercises was always 
a good book, but it is now the English Qom^sxHion par txcellenctJ* 



From Edwin Davenport, A. M., St. John^s School^ Sing Sing^ N Y, — " I have had occa- 
sion to admire in Parker's Exercises in English Composition, as revised by Dr. Hamilton, the 
completeness and the system of the wotk. Full as it certsunly is, in every matter pertaining to 
the important Art of Composition, it is as far as possible from being an undigested mass of gram- 
matical, rhetorical, and miscellaneous information. By a careful method the student is led to a 
practical acquaintance with all the requirements of correct expression even down to those last 
minutiae of advice, which many a practical vrriter would find of no small service. The system of 
the book, in its arrangement, divisions^ Judicious fullness qf illustration, and examples for prac- 
tice, leaves nothing to be desired. 

"The topic of Punctuation is treated in a particularly sensible way. 

" Tlie work is excellently adapted to pupils passing through the last three or four years of oar 
schools. No other is so comprehensive and thorough." 



THE QUESTION OF EXPENSE. 

How great is the cost of time to the learner by the use of badly constructed 
text-books, or such as are behind the time. Since time is money, it may often be 
positive economy to adopt improved text-books. Labor-saving tools are as 
much a necessity in the school-room as elsewhere. A cost of a change at intro- 
duction rates, is hardly more than nominal. 

• The old book in use, when worn out would have to be replaced at full retail 
price. The introduced book can be had for first supply at two-thirds of the 
retail price, and if the one in use is surrendered, at half-price. 

The question, then, of expense is readily answered. Books are the tools of 
the school-room, and you cannot afford to be without the best 



School Boards and Teachers^ 

are invited to correspond freely with us. 

All of our educational publications are of a standard character, and will be 
supplied for first introduction at two- thirds retail prices. Or, when a correspond- 
ing old book in use is exchanged, at one-half of the retail price. 
Address 

ROBERT S. DAVIS & CO., Publishers, BOSTON, 

OR THEIR INTRODUCINO AGENTS : 

149 and 144 Grand Street, New Tarh. 

lil» Areh Street, JPhOadelphia. 

Who will supply Committees and Teachers on Favorable Terms. 



GREENLEAF^.S 
NEW PRIMARY ARITHMETIC, 

104pp. Pzioe 25 Cents. 




This new work excels all other First Lessons in numbers : 
1. In the interesting and attractive nature of the exercises. 




2. In the judicious use of pictorial tUustrations. 

8. In the practical methods of teaching the tables of addition 



Bal»traction, &c. 



r*. 




4. In the simplicity of the inductirye processes. 
6. In the number and beauty of its pictorial illustrations, wlil h 
specially adapt it to the popular Object Method of instruction. 

6. In containing a sufficient number of easy J^ate Exercises tor 
beginners. 

7. In ordering call foi GreenUaf*s N'p.'*^ Primary Arilhwetic, 
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GREENLEAF'S 

EW ELEiEIB^Y MITMETIC, 

▲H BABT, OOXPBXHXBrtiyX 00UB8K OF 

ICENTAI. AJSm WBITTEN EXEBCISE8, 
Upon ike Productive Plan^ for Beginnere, 

208 pp. 16mo. Price 45 cents. 





9* This new work has been prepared expressly to proTide fts 
new edacational demands. It excels : — ^ 

1. In being thoroughly inductive^ anatytict and praeHeaL 




2. In combining mental and written exercises, and in applying 
the same forms of analysis to both. 

3. In comprehending the essentials of arithmetic, — the 
FwndamentaX BuleSy Fractions^ Analysis^ Percentage^ and Simpk 
Interest J Metric System of Weights and Measures^ etc, 

4. In especial adaptation to the want of pupils whose limited 
opportunities require that they should learn much in the shortest 
possible time. 

— :;2i — 
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This book is complete in itself ^ and, being thsap and 
wmprehensive^ »«, pre-eminently , 

A BOOK FOB THE TIMES. 
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O-REENLEAF'S 

New Praetleal Arltbmelle; 

AN ENTIRELY NEW WORK, 

FOR SCHOOLS AliTD SEMmARIBS. 

836 pp. Jhriem 94 tfewl*. 
BS gp c oi al attentioxi is invited to its mmay 

DZSTHTSTTISBINS OEABACTZBISTICS. 

1. The prominence given to the Ehukoiation o/'&ximuLi 
Pbivciplbs, (pp. 18, 18, 26, 85, 44, etc.) 

2. The simple and clear treatment of Notatiost and Nuhbbatioh. 
8. The early introdudion of the Decimai. Poikt, (pp. 15, 16,) 

jnd the explanaHon of the valuee expressed by figures aJt th, 
Hgkt of the pointy (p. 52.) 

4. Exchange of Commodities, Bills and Ikyoices, Accotnrrs, 
Ledger Columns, (pp. 72, 78,) and various useful applioations^ 
(pp« 142, 178, 186, 187, 202, 263, 212, etc) 

5. The discussion of Factoring before MnltipUcation by 
Factors, (p. 83^) or Division by Factors, (p. 84.) 

6. The simplification of Division of Common Factions. 
(p. 117,) and of Division of Decimals^ (p. 139.) 

7. The introduction of Compound Denominate Numbers 
(p. 162,) after Ff-actions, so as to an)oid at least eight special r%le$ 
hi Beductionj Addition^ and Subtraction of Denominate Numbers. 

8. The Metric Ststem of Weights and Measures is in tie 
proper ptaccy in the body of the work^ (p. 155,) and referencet 
mode to the same in svJbsequent parts of the book, (pp. .164, 166t 
170, 187, 247, 288, etc.,) as urged by Prof. Newton, of Yah 
CoQegCj President Hill, of Hamrd University^ Prof. Hbnrt, 
0/ Smithsonian Institute^ Prof. Rogers, of University oj 
Pennsylvania^ Chancellor Chauvenet, of Washington UniversOy^ 
Sv. Louis, and others. 
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9. The different ocues or prohtems in Sixpls Imtesb^t an 
treaUd in orderly connection (pp. 205, 211, 212.) 

10. The improved method of treating Medial Pboportion, 
(p. 298,^ and the definite illustration of Evolution, (pp. 276, 277.) 

1 1 . 7^ presentation of important new topics and applications , as 
Ike Cental (p. 153,) Government Interest, (pp. 205, 210,)^, Ex 
ftmples of Interest at 7^ per cent. (pp. 206, 21o,) ; Annual 
Interest, (p. 219,) ; New Vermont Interest Rule, Internal Raw 
NUBf (p. 252,) ; English Decimal Monet Reckoning, (p. 258,) eU 

12. The avoiding of aU thai is Obsolete, or ExTRANSort, 
08 Beer Measure^ the Barley Corny the Nait^ Old CurreneieM^ 
Duodecimals^ Permutations^ Combinations^ etc, 

18. Th^ Analytical Processes throyghxna^ making written 
Arithmetic in all its steps intellectual^ never before to the same 
extent attained in any work, 

14. The thorough enforcement of educational results^ by means 
of systematic Review Questions and Exercises, (pp. 32, 54, 58, 
122, 186, etc.) 

TIME SAVING AND LABOR SAVING. 

It will be noted that this work with Greenleaf's New Primart. 
mnd New Elementary, or New Intellectual Arithmetics, forma 
» dear, practical, comprehensive system, 

COIIFLETE IS ONLT THREE BOOES, 

and is believed to be, the cheapest^ most convenient and productive^ 
that has ever appeared. 

By its use, in comparison with certain crude^ o^jerloaded, and 
lomg spun out courses, of five or more books, with snck catch 
penny accompaniments, as Table Books^ Dictation Cards^ Books 
of PrindpHeSy Keys of Answers^ Orammxir School Editions^ etc.. 
it is safe to say. that the learner may not only m/ike better progress^ 
Imt, at least, 

SAVE TWO YEARS OP VALUABLE TDCB. 

5 



GREEKLEAF'S 

«EW ELEMENTARY ALGEBRA, 

FOR COMMON SCHOOLS AND ACADEMIES. 

394 pp. Prlee il.38. 

This n'iw work excels all like books : 

1 . In being simple and easy, yet comprehensive, 

2. In treating the entire subject analytically, 

3. In combining logical clearness and exhavLstive thoroughness with 
terseness and elegant conciseness, 

4. In the numerous original practical methods. 

5. In the happy manner of treating discussion of problems, 
rationalization, and radical equations. 



ELEMENTS OF GEOMETRY, 

FOR HIGH SCHOOLS AND ACADEMIES, 

320 pp. Prlr« $1«38« 

Attention is invited to the following con^deraiions coneemiug this 
new work : 

1. Its arrangement is the simple and 
elegant order adopted by Legendre. 

2. The methods of demonstration are 
complete, yet simple and concise. 

8. The acknowledged improvements of 
M. DA CuNiiA have been carefully incor^ 
porated into the work. 

4. The converse of propositions has 
been demonstrated in many cases. 

5. The Miscellaneous Geometrical Exercises constitute a yaluabli 
feature, not often found itji an elementary work 
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GREENLEAFS 

WWW mmMm& 4&@@ie4, 

FOR HIGH SCHOOLS AND COLLEGES. 

394 pp. BHee$lM. 

AN ENTIRELY NEW WORK. 

ComUtiufkimg MMMty imp&rimU im pr o v em en tt, and inMUng 9my ^Mp iftc 
req ui rem e n iB •f fJbe deH tUmdmHL of intfriMtloM. XtpeeUU aUenUom It 
tt9%i€d, to 

The Jadicious selection and arrangement of topics. 

Tlie brevity and clearness with which the^ yarlons subjects have been 

treated— all the essential subjects having been brought 

within 880 pages. 

The character of the examples, especially the exclusion of all such as are 
calculated to merely puzzle. 

The clear treatment of Radicals, Imaginary Quantities, and Binomial 

Theorem. 

The separate discussion of the three mfithods of completing the square 
in Quadratic Equations ; the separation of equations in the Quad- 
ratic Form ft*om true Quadratic Equations; and the classi- 
fication of Simultaneous Equations. 

The treatment of Recurring Series (Art. 878,-381), especially the dis- 
tinction between the scale of relation of the terms and of the 
co-efficients ; the plan of keeping the co-efficients 
and variable distinct, and the method of 
obtaining the sum of the series. 

The method of treating Logarithms, especiJilly (Art. 888, -iCH), and 
Exponential Equations (Art. 418, -488). 

Statement of the General Properties and Transformation of EqoatlOBi 
(Ar^ 484, -466), and the illustration of each by examples. 

Oreenleaf s Treatise on Algebra is a different work 
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